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PREFACE

In September 1981 the Division of Fisheries Rehabilitation, Enhancement,
and Development (FRED) initiated the development of models for predicting
the benefits and costs of the Division's investments in fisheries
enhancement. This work a rose out of a need for a formal method to measure
the economic value of some components of the FRED program. Previous
economic analyses of fisheries enhancement projects in Alaska have employed
a variety of approaches. Their results have often been difficult to
compare between projects or with other public investments. The methods
presented in this document provide one type of economic yardstick by which
the value of fisheries enhancement programs can be measured.

The primary purpose of this report is to review the Hatchery Broodstock
Development (HBD) and Facility Benefit-Cost (FBC) Models. The document is
written for an audience familiar with fisheries enhancement in Alaska.

Some knowledge of economic theory is required for an understanding of the
entire report. However, each major section begins with a non-technical
overview for non-economists. Underlined words are defined in the glossary.

INTRODUCTION

The goals and purposes of this effort were outlined in a proposal (Hartman
and Rawson 1982) where the three principal uses of economic models were
stated as follows:

1. The model can be used for identifying the value of existing FRED
projects and the economic consequences of proposed investments in
fisheries enhancement. The results can be expressed in terms such
that the present value of FRED projects can be compared with other
forms of public investment in Alaska.

2. The model can be used to produce internal comparisons of alternatives
to aid in the optimization of physical plants and the identification
of the best capacity, facility location, and incubation and rearing
schemes.

3. The model can be used to identify (with multipliers from other models)
the distribution of benefits in the primary fishing industry and other
sectors of the Alaskan economy as well as impacts on wages (see
qualifiers in the text).

The purpose of this report is to describe the computer modeling work that
has been completed as a result of the proposal. We report here only on the
approach we have taken to ecconomic modelling and the rationale behind that
approach. Each application of the approach requires a concise statement of
the policy question being addressed and its own explanation of assumptions
and results. Lindauer and Hartman (1983) have completed an analysis whose
purpose was to consider the impact of a proposed $5 million capital
investment into Alaska fisheries enhancement. Their report should be
consulted for one example of an application of our models.



Since the HBD and FBC computer models are essentially a means of
summarizing numerous assumptions to achieve a concise statement of the
expected value of a fisheries enhancement project, the results of any
given analysis will depend mainly on the assumptions used. Therefore,
along with a presentation of the structure of these models and assumptions
used in developing that structure we will touch on some of the variable
assumptions used for evaluation of a specific policy question. Finally a
discussion of some of the Timitations of the approach will be presented.

General StruEture of the Models

Currently, our approach to economic modeling is built out of two separate
computer program systems which operate on a Vector Graphics Microcomputer.
The Hatchery Broodstock Development (HBD) system projects future salmon
production from a facility based on its current level of production, plans
for expansion, and life-stage survival assumptions. The Facility
Benefit-Cost (FBC) system is the economic simulation model which uses
harvest predictions from a given HBD simulation and combines these with
economic assumptions to generate predictions of the berefits and costs for
salmon or trout production from a specific enhancement facility.

Benefit-Cost Analysis

Applications of economic theory and economic models themselves may take
many forms. Furthermore, these methodologies have been applied to a
variety of regional, state, and national policy questions. In this
document we will concentrate on only a portion of the models and policy
questions relevant to fisheries enhancement. Evaluation of public
investment policy such as investment in fisheries development may include
treatment of both efficiency and equity issues. In social terms efficiency
is "maximum production from some given level of inputs or cost minimization
for a given level of output" (Randall 1981). It is often referred to as
Pareto-efficiency or Pareto-optimality.

In the HBD and FBC models all effects related to efficiency have been
quantified in dollar terms. Furthermore, the specific models presented are
designed to account for measures of efficiency in terms of national income.
Evaluation of projects using other accounting definitions (such as a state
income accounts) may also be possible.

Fauity issues, in contrast to efficiency issues, concern themselves with
the distribution of impacts between groups. FExamples of policy questions
which involve equity issues are as follows: "Who or what individuals in a
particular geographic area or sector of the economy will benefit from a
project or government action?" or " How much will various groups benefit
and over a given period of time?" We do nect address equity issues in our
models.

The positive analysis method presented in this manuscript relies on
benefit-cost analysis, a widely used analytical tool which may yield useful
information on public investment alternatives. Benefit-cost analysis is



based on a modified definition of efficiency. It is somewhat different
from Pareto-efficiency in that it only accounts for socjal benefits and
costs. It does not formally deal with the mechanisms or costs of returning
the losers in a transaction to their former level of welfare prior to the
transaction.

The use of benefit-cost analysis in evaluating government policy has arisen
out of a goal to expend public funds to further a nation's or state's
social and economic objectives by efficient allocation of resources among
competing groups. The method differs from traditional forms of government
budgeting in that it concentrates on the results or consequences of
government activity rather than simply on the monetary resources required.

The application of benefit-cost analysis presented in this document
consists of a simple model to project future fish harvest from an
enhancement facility and an accounting of the value of the fish output
based on private benefits and costs and public (government) costs. The
valuation process for a salmon hatchery involves accounting of increased
salmon harvests over a very long time horizon. It is therefore necessary
for the economic portion of the model to use a discount rate, which
accounts for the real change in the value of goods with time.

Renefit-cost analysis may be strictly future oriented (ex ante) or it may
evaluate events which have already occurred (ex post). Our approach may
deal with policy questions involving either ex post or ex ante analysis.
Furthermore, the approach used here is similar to that of other
applications of benefit-cost analyses, such as the Susitna Hydro
Feasibility Study (Yould 1982).

The Proper Use of Models

Since we are using mathematical models to analyze the net benefits of
F.R.E.D. projects, there are several concepts of modeling relevant to
fisheries enhancement applications which should be stated. Any model or
part of a model which involves a projection of the future may be open to
criticism at the time the projection is made. If the projection can be
tested, its precision can be evaluated cnce the projected events have
either occurred or not occurred. To accurately evaluate the precision of
the projection in the future it is necessary to state why the projection is
being made, as well as any limitations in the use of the results.

Mumerous definitions of models are available. Hall and Day (1977) state
that "a model is any abstraction or simplification of a system." For
example, if we want to make predictions about a real system, such as a
fishery, all of the details of the system may be too compiex to grasp in a
useful manner. But if we abstract a few essential features of the real
system, the relationships may be examined in detail. Finally, the model is
manipulated according to defined rules and the results are reexpressed in
terms that allow us to describe future states of the real system

(Figure 1). As Main and Baird (1981) emphasize, it is critical that all
of the essential features of the real system be accounted for when a model
is constructed. For example, a two foot long wooden model of an airplane
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Figure 1. Diagram of the processes which occur in modeling.



might be tested in a wind tunnel to determine how the real machine will
fly, while chairs might be set up between white lines in a room to model
pedestrian traffic patterns within the same airplane. In either case the
particular features abstracted from the system depend upon the goals of the
modeling study and by how well they predict future states of the real
system.

The abstractions themselves do not necessarily have to closely resemble
components of the real system to produce precise predictions of the future,
The ultimate test of any model is in its ability to explain an event which
has already occurred or predict the outcome of an event in the future for
which it has been specifically designed. For example, from our wind tunnel
test analogy, the components of our model airplane may be wood or plastic -
nothing 1ike the metal structural alloys used in the real aircraft.
However, the abstracted wood and plastic components may actually produce a
more precise prediction of how the full scale plane will fly than if
identical alloys and scaled down structural members from the real system
had been used. In short, realistic assumptions and components do not
always yield the most precise predictions of reality in a model. Many
examples of this principle are found in mathematical modeling.

We are using a particular class of models, called mathematical models, to
assist our understanding of some of the economic effects of fisheries
enhancement in Alaska. Walters (1980) states that "a model is a precise
set of statements about how the components of a system affect one another."
This definition implies that the system under study, its essential
components, a mathematical representation for each component, and
mathematical rules for the relationships among the components must all be
defined. A similar process has been used for developing the two main
models discussed in this report.

In our hatchery broodstock development (HBD) model the system is a stock of
fish produced by an enhancement project, such as a hatchery. The system
components are the fish at various lifestages - eggs, fry, and adults.

Each component is represented by a number of individuals in a given
1ifestage in a given year, and assumptions about survival rates and age
distributions are applied (Appendix A) to model the expected growth of the
broodstock over time. Certain features of a real hatchery broodstock were
abstracted in the HBD model. They were chosen with the knowledge that the
results from the simulations would then be used in economic analyses. The
HBD model allows a user to postulate different ocean survival rates for
fish released at different stages of development. For example, feeding
hatchery produced fish to reach an advanced 1ife stage or size involves
greater program costs than releasing fish at an unfed or less advanced life
stage. In order to determine whether the additional feeding and rearing
costs are an efficient investment, the model must allow for explicitly
examining the benefits of fish rearing in terms of expected gains in
survival rates and harvest opportunity. This example illustrates a way in
which the specific features of the HBD model can be chosen for a particular
intended use.



In our facility benefit-cost (FBC) model, the system is the net benefits
accruing to the economy as a result of fish produced by a FRED project.
The components of the system are: the adult fish produced by the
enhancement effort and the public (from the state treasury), costs of
producing the fish, and the benefits and costs to different sectors of the
industry of catching and processing the fish (including recreational
fisheries) - all expressed in dollars. The components are related to each
other (Appendix B) based upon assumptions about hatchery operational and
capital costs, by the salmon processing and harvesting economy, bv consumer
behavior in the market place, and by the social opportunity costs of using
these various resources in this particular manner as opposed to investing
elsewhere for an identical amount of time.

Two precautions should be mentioned: First, like all mathematical models,
ours rely upon numerous assumptions, each of which must usually be
estimated with some imperfectly known error. Since the results depend upon
the assumptions, it is tempting to say "no results of this model are valid,
since the assumptions are not precisely known." Of course, since a model
is an abstraction of reality, and cannot be expected to exactly reflect
reality, the results derived from any model must be interpreted knowing
that they apply only within the bounds determined by those features of the
real system used to create the model. Continuing our example, a successful
wind tunnel experiment gives no information about whether an airplane will
carry passengers comfortably.

Secondly, the precision of the results depends upon the reliability and
precision of the assumptions used. It is possible to produce a simple form
of sensitivity analysis with our models to examine the degree to which
changes in key assumptions affect the results. We encourage users (for
many policy questions) to utilize this feature. If the results obtained
from the HBD and FBC models are interpreted in 1ight of these two cautions
then they can indeed by valuable tools for studying the economic
consequences of fisheries enhancement in Alaska.

THE HATCHERY BROODSTOCK DEVELOPMENT MODEL
Overview

The Hatchery Broodstock Development (HBD) model projects the future
production of fish from a facility and the harvests resulting from that
production. The current version of the model is tailored for a hatchery,
although simulations of other kinds of enhancement facilities, such as
fishpasses, are possible. The HBD model is an extension of FACSIM
developed by Reed (1980) for the purpose of generating brood-stock
development tables for FRED facilities. The model may be used alone to
generate brood-stock development tables, or it may be used in conjunction
with the Facility Benefit-Cost (FBC) model in an economic simulation. In
the latter case, the HBD model is run first to generate the projected
production of fish for a series of years. Then the output from the HBD
simulation forms part of the input for an FBC simulation to generate a
projection of the economic value of the enhancement effort.



Computation of Qutput Variables

The equations used in the HBD model are summarized in Appendix A, and the
HBD computer proarams are explained in a separate user's guide (Rawson,
Hartman, and Tavzel 1983a). The purpose of this section is to review the
structure of the HBD model and how its output variables are computed from
its input variables. Fiqure 2 illustrates the relationships among the
components of the HBD model.

The input variables for the HBD model are the following: the capacity of
the facility to produce fish at different lifestages, the survival rates
between lifestages in the hatchery, ocean survival rates, the age
distribution of returning adults, the fecundity of adult females, the
reauired stream escapement (either a percent or an absolute number), and
the commercial and sport fishery interception rates. 1In addition, remote
egg takes may be input into the model as well as any returning brood-stock
from releases before the initial date of the simulation. The output
variables are, for each year of the projection, the number of returning
adults by age, the number of these intercepted by the commercial and sport
fisheries, the stream escapement, the hatchery escapement (fish used for
brood-stock), and the excess escapement (returning fish not needed for
brood-stock which are available for a terminal fishery).

In the following subsections the computation of each of the output
variables is discussed. Figure 2 illustrates the relationships of the
model's components. The exact formulas for the computaticns are in
Appendix A.

Adult Returns:

The projected number of adults returning from a given release group is
computed by multiplying the number of fish released times their assumed
ocean survival rate. The returning adults from a given release are
allocated to several return years according to the age distribution input
variables for the stock being simulated. For example, one might assume
that a stock will be 20% age 2.0 and 80% age 3.0. Then if 1,000,000 fry
are released in 1985 and their ocean survival is 1%, the total adult return
will be 10,000. Of this total 2,000 will return in 1987 and &,000 in 1988.

It is possible to input different ocean survival rates for fish released at
different stages of development (e.g. emergent fry, fed fry, etc.). The
survival rates and age distributions are assumed to be constant for the
duration of the simulation, and there is no provision for them to vary
stochastically.

Escapement, Fishery Interception, and Egg Take:
The HBD model separates the total adult return into components of stream

escapement, commercial and sport fishery interception, hatchery escapement,
and excess escapement.
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Stream Escapement. The stream escapement represents the adult fish that
will be allowed to migrate to natural spawning grounds. 7Tt is modeled as
either a minimum absclute number of fish or as a multiplicative factor
times the total number of returning adults. The stream escapement goal may
be different for each year of the simulation. For example, it may be
anticipated that some number of spawners below the optimum number will be
allowed into the natural spawning grounds until such time that the enhanced
stock is built up to a level sufficient to allow the optimum stream
escapement, at which time the stream escapement goal would be increased.

In the HBD model stream escapement takes precedence over all other
categories to which returning adults can be assigned. In other words, if
only enough adults return to meet the stream escapement goal, there will be
no fish left over for fisheries or hatchery brood-stock.

Fishery Interception. The interception of fish by commercial and sport
fisheries is modeled as a percent of the returning adults remaining after
stream escapement goals have been accounted for. The fishery interception
rates may be different for each year of the simulation in order to
represent possible future changes ir management strategy or efficiency of
the fleet. For example, it may be anticipated that a particular hatchery
stock will be fished at a 20% rate in its initial development stages, while
it will ultimately be fished at a 90% rate.

Hatchery Escapement. The hatchery escapement represents the fish used for
eqqg take by facility. All1 of the fish remaining after stream escapement
and fishery interception have been accounted for are available for hatchery
escapement. The maximum number of females in the hatchery escapement is
determined by dividing the facility's capacity for green eggs by the
assumed fecundity for the stock under consideration. This number is
multiplied by two to allow for an equal number of males and females for
spawning, and the result is the maximum hatchery escapement. (The model
provides for situations where certain age classes may not be 50% female;
see Appendix A). If the maximum hatchery escapement exceeds the fish
available for hatchery escapement, then all fish available are assigned to
hatchery escapement. If the number of fish available exceeds the maximum
hatchery escapement, then the difference between the two quantities is
assigned to excess escapement.

Excess Escapement. The excess escapement represents the returnina adults,
if any, Teft over after all the above categories have been accounted for.
These are merely reported as excess escapement in the output of the HBD
model. When the results of an HRD simulation are used as input to the
Facility Benefit-Cost (FBC) model, the fish in the excess escapement are
assigned to either the commercial or sport fisheries (see the FBC secticn
below). In some situations it could be assumed that fish in the excess
escapement are not of sufficient guality for a fishery. Such an assumption
would require that the economic model ignore this category and not assign
these fish to any fishery. At present our FBC model does not allow for
this situation, although such a modification would not be difficult. One




way to deal with this problem with the current models would he to run the
HBD model a second time with the stream escapement increased enouch so that
the excess escapement will be zero.

Emergent Fry, and Releases:

Emergent Fry. The number of green eggs loaded is computed by multiplying
the number of females in the hatchery escapement by the assumed average
effective fecundity of a female. The number of eyed eggs seeded is
computed by multiplying the number of green egas by the assumed green eqg
to eyed egg survival rate. The number of emergent fry in the year
following the year of the eqg take is computed by multiplying the number of
eyed eggs times the assumed eyved egg tc emergent fry survival rate.

Releases. Fish may be released as emergent fry, fed fry, fingerlings, or
smolt. the maximum number of fed fry, fingerlings, and smolt that the
facility can release are entered as input variables, Any excess fish that
are not released under one of those three categories are assumed to be
released as emergent fry. (Therefore, if all fish are to be released as
emergent fry then the facility's capacities for fed fry, fingerlings, and
smolt are entered as zero).

In case fewer fish are available for release than the facility has the
capacity to rear, more developed age classes will take precedence over less
developed ones. In other words, the facility's capacity for smolt releases
will be satisfied first, then its capacity for fingerlirg releases, then
its capacity for fed fry releases, and any fish left over will be released
as emergent fry. The maximum number of smolt available for release is
computed by multiplying the number of emergent fry times the assumed
survival rate from emergent fry to smolt. If the number of smolt available
for release exceeds the facility's capacity to rear smolt then the maximum
number of fingerlinags available for release is computed by multiplying the
number of remaining emeraent fry times the assumed emergent fry to
fingerling survival rate. A similar calculation is done toc determine the
number of fed fry to be released, and any remaining fish are released as
emergent fry.

Emergent fry, fed fry, and fingerling releases take place in the year
following the year of egg take. Smelt releases take place 0, 1, or 2 years
after the year of fry emergence, depending upon the number of winters that
smolt are assumed to remain in the facility before release.

Data Sources for Input Variables

Facility Capacities and Survival Rates:

The FRED Division uses a series of respiratory rate and growth models for
developing facility and brood source specific carrying capacities from
available water quality and quantity information and physical plant
resources. The values computed from these models are used tc estimate the
facility capacities for eggs and rearing to different lifestages throughout
the period of an HBD simulation. Different facility capacities for
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emergent fry, fed fry, fingerlings, and smolt may be entered for each year
of the simulaticn to allow for anticipated changes in program. For
example, a particular simulation may be run tc examine the impact of an
planned capital investment in a facility, in which case any increases in
capacity due tc the investment would be input starting in the year the
investment is planned to be made.

A species-specific set of parameters is required for determining the
capacity of a facility for rainbow trout, since a rainbow program involves
developirg a brood-stock within a hatchery. Several complicated
calculations are required for taking the differential fecundity and
survival of the different age classes into account. Rainbow trout programs
can be successfully modeled with the HRD model as leng as the inputs to the
model are computed with the special features of a rainbow program in mind.

The HBD model uses survival rates between lifestages within the facility.
Depending upon the policy question being addressed, these may often be
estimated from past performance at a given facility. In the case of a new
stock they may be estimated from past experience with a similar stock.

Ocean Survival Rates:

Ocean survival rates can be estimated from the past performance of the
stock being modeled or from information based on the performance of similar
stocks. The values of the ocutput variables computed by HBD model are very
sensitive to differences in the ocean survival rate, especially if the
results are used as input to the FBC model for an econcmic simulation.
Additionally, ocean survival rates of salmon are known to fluctuate widely
from year to year, but the HBD model assumes a constant rate. Also, past
ocean survival rates often have not been estimated to high degree of
precision. To account for this variability and uncertainty a simulation
could be run once using a low estimate of ocean survival and once again
using high estimate so that results can be bracketed pending further
resolution of input data.

In the HBD model it is possible to enter different occean survival rates for
different lifestages of release. For example, if only part of a group is
reared, one may assume that the fish released as fingerlings will survive
at a 2% rate, while those released as emergent fry will only survive at a
1% rate. For some FRED Division programs such differences in ocean
survival rates are well documented, for others they are only guesses.
Depending upon the policy question being asked it may or may not be
important to assume different ocean survival rates for different lifestages
of release.

Harvest Rates:

The HBD model allows for harvest to take place at two stages: interception
before the fish return to the egg-take site, and terminal harvest of excess
escapement. As stated above, the HBD model merely reports the excess
escapement as such, and our FBC model assumes that all of this excess
escapement is harvested. Commercial and sport fishery interception rates



are projected based upon knowledge of the particular fisheries to which the
stock is exposed and future management plans. These are allowed to vary
annually to reflect planned changes in management strategy.

THE FACILITY RENFEFIT-COST (FBC) MODEL
Overview

The FBC model estimates present values for a number of benefit ard cost
alternatives for commercially caught and sport caught salmon directly
attributable to a given salmon enhancement project. A1l future benefits
and costs are adjusted to the base economic vear dollars with a discount
rate. The discount rate used in this model is intended to be estimated
from the expected real rate of interest. The real interest rate equals the
nominal rate less the rate of inflation.

As the Net Present Value of a projection mayv be sensitive to the discount
rate used in the analysis it will often be helpful for some policy
questions to test the range of possible outcomes by varying this input. It
is also possible to deal with ex post policy questions by discounting a
stream of costs or benefits which have already occurred.

Ex post applications require the use of a separate price index computer
simulation model which we have implemented on a spreadsheet program. This
routine allows for convenient adjustment of the value of past nominal
benefits and costs tc base year dollars. A thorough explanation for
operating the price index model and the FBC model may be found in a
separate user's guide (Rawson, Hartman, and Tavzel 1983b). Appendix D
contains an example of the output from the FBC Model.

General Economic Eauations:

The general structure for the present value of the enhanced salmon
production takes the following form for recreationally and commercially
harvested fish (see Appendix B for details).

Given the following definitions:

B ri = Marginal benefits from the private sector attributable to the

P enhancement produced fish,

C pi s Marginal costs from the private sector attributable to the

P enhancement produced fish (e.g. cost of harvesting, processing,
etc.), and

Cpub = Marginal public costs from producing and managing enhancement

produced fish (e.g. operational cost, capital cost and planning
costs of hatchery, administrative costs and costs of program
evaluation),
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The following quantities are computed:

NPV = Net present value
- Bpri B Cpri - Cpub’ and
R/C = Benefit cost ratio

= r - 1
’Bpri Cpr1‘~/Cpub

The R/C ratio should never be reported without the NPV,

Evaluation of the efficiency of an investment for a specific project
requires the analyst to estimate the gross benefits and gross costs of
increasing the available salmon resource.

The ecuations in the FBC routine focus on three sectors of the commercial
salmon industry: the commercial fishery, the salmon packing industry, and
the recreational or sport fishery. The benefits to the private sector from
the increment in the fish stock can be estimated as either the marginal
value (marginal profit) to the commercial fishery or as the marginal value
tc both the processing irndustry and the commercial fishery. 1In the first
case the gross benefit to the commercial fishery from the incremental fish
production is measured as the exvessel value of the product. The gross
cost is measured as the resources foregone from the fleet to catch the
incremental production. In the second case the gross berefit to the
processing industry is the market value that they receive from the
increased catch or first wholesale value. The processing costs are taken
to be the value of the foregore resources required to both process and
harvest the enhancement produced catch.

The user's cheice of valuation methods depends on whether a state of
perfect competition is expected to exist in the processing sector.
According to classical and neoclassical economic thecry this condition
would result in zero economic profit being earned. The alternate condition
assumes some level of oligopsony power from individual processors which
would result in the capture of some economic profits. An expanded
discussion of assumptions on the harvesting section and processing industry
can be found in Hartman (1983).

The marginal value from sac roe sales is included in the estimate where
applicable. It is also expressed as price per pound of market cuality

eggs.

Detailed Discussion of the FRC Model Components

The discussion in the followina sections is an expanded explanation of how
private and public marginal benefits and marginal costs are calculated in
the FBC model.
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Private Sector Benefits:

Market Demand and Price inputs (Commercial Fishery and processing sectors).
Since the incremental revenue for processors or commercial fishermen is
directly dependent on the consumer's final demand for the product, inputs
for these variables are taken to follow the trend predicted by
international market demand models made for Alaska.

Lona term price changes for the FBC system may be entered by yearly
adjustments of real prices for either landed values or wholesale values.
The State of Alaska, Department of Commerce and Economic Development, has
developed a salmon market demand model (DPRA 1982) with variables
specifically designed for Alaska supply and international market
conditions. If properly modified this system may be capable of producing
long term price estimates of the wholesale marginal revenue for
aguaculturally produced salmon (R. Aberle, pers comm). The inputs for this
part of the program accept the price per pound of landed weight which is
assumed to be approximately equal to the marginal revenue per pound.

Sport Fish Value Inputs. Many of the projects and facilities in FRED
Division are scheduled to, or currently, produce salmon and trout highly
valued by sport fishermen. In fact, some facilities are targeted almost
entirely at sport fishermen. This section explains the economic benefits
of sport fishery enhancement. The analysis method is intended only for the
enhancement program.

Most economists who are studying the valuation of recreatiocnal fishing
point out that it is inappropriate to use economic activity as the sole
measure of the value of a nonmarket good such as sport fishing. McConnell
(1979) states, "in the absence of good information about net social
benefits for open access activities, decision makers tend to respond to
measures which reflect the total level of economic activity. Decisions
based on the level of economic activity can have rather severe consequences
for nonmarket activities such as recreation". He continues, "No economist
would argue seriously that fisheries management requires simply the
computation of user cost and the imposition of a fee per pound of fish
landed equal to the user cost". Even so, some decision makers use fishing
expenses to determine recreational values. Responding to this, economists
have proposed the use of direct and indirect methods of measuring changes
in welfare, in order to achieve an optimum mix of commercial or
recreational use, or to determine the efficient level of public investment
for publicly provided recreation. Larson (1982) provides a thorough
treatment of these valuation techniques.

Recreational evaluation procedures can identify benefits other than those
directly received by Alaskan fishermen (such as existence valuation and
optien valuation techniques). However, the primary purpose of our
valuation process is to identify the charnge in consumer surplus from the
actual recreational fishing experience. The consumer surplus is a measure
of the satisfaction people obtain from consumption of a commodity, based
upon what they would be willing to pay for it. In the case of our
enhancement investments it is what they would be willing to pay for the

- 14 -



opportunity to fish for the incremental increase in the available stock.
The theoretical basis of the recreational fishing surplus model assumes
that small increases in the harvestable stock of recreational salmon will
yield a dispreportionately large growth in total value (consumer surplus)
of the fishery. This will occur because of increased catch expectations.
Thus, the demand curve will shift outward as information reaches the
consumer that the probability of catching salmon or trout during a fishing
trip has increased.

A sportfish valuation study based on estimates of consumer surplus is being
conducted by ADF&G (M. Mills, pers comm}. This study may provide some
useful data or generalizations for appropriate sportfish valuation inputs.
Beyond this work, however, there is no functional model which successfully
incorporates information on the gquanity of sport fish made available for
harvest from fisheries enhancement into usable demande curves for
estimating marginal values. In the absence of such data in Alaska,
economists have taken an alternative approach of using average consumer
surplus values for a recreational day for estimating the benefits of
incremental changes in stock sizes available for sport harvest (Crutchfield
et al. 1982). These are available from numerous studies in the Pacific
Northwest and this approach has been applied to the FRC model.

Caution should be exercised when comparing the marginal values of
sportfish, versus marginal values of commercial fish for potential
allocation comparisons for a given enhancement valuation alternative.
Nevertheless, in the absence of precise valuation methods it is our opinion
that a conservative use of this approach is useful for estimating sport
fishing value streems at this time. The 1982/1983 economic assumptions
(Hartman 1983) include an expanded discussion of consumer surplus daily use
values for one proposed enhancement scheme.

Harvest Efficiency Inputs (private costs for the FBC Model):

No formal computer models are currently being used in the ADF&G for
predicting the relative changes in harvest costs for various commercial
gear types given a change in an enhancement-produced salmon supply. Some
principles of fleet dynamics models are surveyed by Clark (1976). A
considerable amount of financial and economic data has been collected by
the Limited Entry Commission on some specific Alaskan fisheries. This work
and developing models may have considerable utility in projecting fleet
harvest costs for enhancement produced increments. The survey results may
be found in Muse and Schelle (1983).

There are two primary inputs for harvest efficiency performance of the
commercial fishery in the HBD and FBC models: the quantity of enhancement
produced fish harvested annually, and the incremental cost of the harvest
effort. They allow the fishery costs by gear type to be entered for anv
given harvest for each year over the 1ife of the hatchery harvests and are
expressed as a cost per pound of harvested fish. Tt is assumed that the
increment in these costs will be representative of the marginal increases
in both the variable and fixed inputs to the fishery attributed to the

- 15 -



hatchery produced harvest. Harvest efficiency for a given gear type in a
fishery varies with such factors as number of entrenrts in a fishery,
abundance cof fish in harvest areas, expectations of success, and management
actions.

Public Sector costs:

A few computer programs exist for predicting hatchery capital and
operational costs for various operatioral schemes. Examples of programs
containing routines for developing future or analyzira past operational and
capital costs are: portions of the HATCH Model (Johnson 1974), the NMFS's
CRFDP Operators Manual {(McKuskick et al. 1981), and a Life Cycle Cost model
developed by the Alaska Department of Public Works in 1677 (Anonymous,
1977). Though each of these models contains some useful combinations of
calculations, it must be noted that they are not being used for day-to-day
operational cost planning or construction cost budgeting in the state
fisheries programs of Washington, Oregon, or Alaska. The HATCH Model is,
however, used by the State of Washington for broad long-term policy
decision making.

Without revision for Alaskan conditions, these models would yield cost
estimates with less precision than an operational cost projection from an
experienced hatchery manager, or an estimate of capital costs by hand from
an experienced aquacultural engineer. The FRED Division currently uses an
exhaustive in-house review method for refining budgets. The FBC model is
designed to accept direct calculated estimates of real capital and
operational costs by year. These costs include the annual fishery
evaluation and administrative costs attributable to the salmon hatchery.

SPECIAL CONSIDERATIONS OF THE FBC MODEL

The following sections describe some separate features and related
components to the FRC Model.

Price Indexes for the FBC Program

The specific price level index model (operating on a software package which
is separate from the FBC model) allows for adjustments in the purchasing
power of the dollar spent for a narrow range of goods. The FBC model uses
real prices and costs which are computed using price indexes for the
facility cperations ard capital costs; exvessel prices and cost; and
processing prices and costs. Each past nominal price or cost is adjusted
to a real value in base year dollars by means of an appropriate consumer or
producer price index. The price index calculations for adjustment of past
year nominal prices are of the following form since the "base year" is
taken to be the first year for the simulation of future events:
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Where RY is the real price of the good(s) in the pagt year t, Nt is the
nominal price of the ith aood(s) for past year t, p  is the price index for
the good in the base year, and p~ is the price index for the gocd in past
year t. Price index categories are listed below:

1. Wholesale price index for adjustment of fresh/frozen or canned product.
This index represents a market basket of meat goods from the U.S. naticnal
consumer price index.

2. Price index for canned and fresh/frozen production costs. This
combination of goods represents cost inputs of the processors attributable
incremental cost of the hatchery produced fish,

3. Ex-vessel price index. To be taken from some consumer price index as
in #1. This routine is structured to produce real prices for up to four
specific gear types per fishery.

4. Price index for costs to commercial fisherman of fishing.

5. Construction price index for the Alaskan salmon hatchery program. This

is pfojected from the Handscomb Constructicn Escalating Index (Handscomb
19811},

Alaskan Impact Analysis

If a decision maker were only interested in a single objective, namely the
maximization of fishing income (or value), then the economic evaluation
would not need to go beyond benefit-cost analysis. However, if the
decision-maker is also interested in formally dealing with distributional
effects of proposed investments, then it is necessary to expand the scope
of the work tc that of impact assessment, which must he dealt with in a
modeling framework which is separate from efficiency considerations.
Impact studies may address any number of policy questions. Impact analysis
may be quite different from benefit-cost analysis. But, there are many
policy questions dealing primarily with efficiency which still have equity
implications. In this context equity and efficiency considerations may be
closely meshed.

Impact studies may measure changes in local or regional employment, labor
force participation, real income distribution, and business and industrial
activity by a series of sectors. While measurement of impacts from a
preject can take place even at the national level, we will extend our
analysis only to assessments relevant to Alaska. Though not the primary
function of the model, the FBC routine can account for these interactions
within the Alaskan economy indirectly. This is done by incorporating
values from external impact models capahle of generating multipliers
relevant to the salmon fishing and processing industry. Since the model
receives inputs on processing revenue, processing cost, exvessel revenue,
and exvessel costs, any of these may be used as a base for the multiplier.
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One type of impact modelling is input-cutput analysis. A discussion of the
mechanics of input-output medels is provided by Miernky (1965). In
general, the approach is based on a detailed accounting of goods and
services at a given point in time. A series of industry coefficients are
constants and are arranged in the form of a matrix (Randall 1981). They
may be used tec predict changes in employment and income from a change in
economic activity from a primary sector. In our case, the primary activity
would come from the harvesting and processing of salmon.

Impact models may vary in the degree of built-in regionalism. One approach
may characterize activity in a single state as a whole. Another may focus
on the distribution of activity between several sub-regions in a state
(Youmans, Rempa, and Ives 1977).

One operating econometric model used by the Division of Budget of the
Alaska Department of Revenue was used *to produce a cdata set for the salmon
industry based on a hypothetical increase in the salmon harvest of 10
percent over the naturally produced base level (Kreinheder and Teal, 1982).
This incremental increase resulted in an income multiplier for the seafood
industry of approximately 1.84. The estimate indicates that for each cne
dollar of processing income produced an additional increment of 84 cents is
produced in the form of induced wages to Alaskans.

A regionally based impact analysis model tailored for the Alaskan fishing
industry would be a valuable tool for enhancement cutput decisions. While
benefit-cost analysis normally only deals with questions of optimality, the
impact multiplier features of this model are considered to be a temporary
but useful feature urtil further development of a regionally based
input-output model and analysis is available.

NISCUSSION

The Problem of Interactions Between Stocks

In any quantitative analysis of costs and benefits, all relevant factors
affecting the net change in the value of a resource must be identified and
quantified over time. In addition, any significant externalities must be
included in the valuation process. However, in practice it may be possible
to quantify all factors. Among other things, any analysis of the economics
of fisheries enhancement must include a consideration of the possible
impacts of the enhanced stock on other, unaided, stocks. In their present
form the HBRD and FBC models do not explicitly ceal with more than one
stock. Given the present state of knowledge about interactions between
stocks it may be possible to make simple modifications to cur models to
satisfy this need. Meanwhile, users of our models should be cognizant of
the effects of stock interactions and account for these interactions to the
extent possible.

Salmon fisheries enhancement, as well as many other profitable animal
hushandry investments, involves uncertainty. Many bioleogists in the
Pacific Northwest believe that they are beginning to understand the major
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factors which affect interactions of salmon in the spawning grounds,
streams, lakes, and estuaries, thus potentially reducing some of the
uncertainty in our projections. While precise models quantifying the
effects of these interactions are still net available, they are
theoretically possible.

Interactions of salmon in the ocean environment present a similar, but more
extreme, challenge since cur knowledge in this area is even more limited.
However, some fisheries models formally explore the potential effects of
enhancement-related ocean interactions via computer simulation. One
appreoach (Walker, Rettig, and Hilborn 1983) uses formal decision analysis
for the modelling of Oregon coho salmon enhancement policy. These tools
demonstrate that even in the absence of precise biological information, a
simple approach to auantifying biological interactions can assist in the
process of identifying efficient choices for developing management policy
in migratory fishes.

In the September 1981 Workshop on the Evaluation of Salmonid Enhancement
(University of British Columbia, Vancouver, B. C.)} a framework for the
study of stock interactions was developed. It was divided into 4 principal
areas: geretics, population dynamics, exploitation, and economics. The
following outline summarizes some of the interactions discussed at the
workshop.

A. Geretics

1. Straying of enhanced stocks might result in net gains or losses in
genetic variability to unaided stocks of fish.

BR. Population Dynamics
1. Predation
-Aided stocks mey feed on unaided stocks of salmon.
~-Aided stocks may feed on other aided stocks.

~-pided stocks may feed on other species of high value harvested by
Alaskans.

-Other fish may feed on aided stocks of salmon, which would not
occur without enhancement.

™

Losses may coccur to unaided salmon stocks due to remote egqg
takes.

3. Competition

-Rided fish may affect aided or unaided stocks as a result of
competition for habitat or food items.
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-Populatior stability levels may change as a result of the
increased population size of the aided stock.

-The harvest weight of fish may change as a resuit of competition
with aided stocks.

4, Fecundity may be altered due to interactions of aided and unaided
stocks.

(]

Stocks may be lost or reduced due to disease introductions from
stocking.

C. Exploitation
1. Altered manageability and/or harvestability

-The timing of the harvest of unaided stocks may change due to
overharvest during periods of unaided and aided stock overlap.

-The efficiency of harvest mav be reduced or increased as a result
of interaction between aided and uraided stocks.

D. Economics

1. Market demand curves may move as a result of increased numbers
end distribution of enhancement produced fish. Recreaticnal
demand curves may shift as a result of more optimistic catch
expectations.

Modelino Biological Interactions

A11 of the concerns and hypothetical interactions discussed in this section
fall into one of two structural types from the standpoint of modeling their
effects on the net value of an enhancement project.

Type A

The first type is a one-way interaction of the form (A+B). In this
case an independent factor such as the stocking of juveniles (stock A)
affects a separate stock (stock B). The result is a change only in
the population and economic value of B. Potential examples of this
kind of interaction could include introductions of fish disease to
stocks from enhancement produced fish or increased fishing effort
directed at an enhanced stock resulting in an overexploitation of
other stocks. OCne-way interactions which result in changes in
population can be modelled indirectly using our programs by
subtracting or adding the annual economic gain or loss of the external
stock from the annual facility costs.
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Type B

The second type of interaction is reciprocal or (A<sB). In this case
introduction of enhanced stock A results in effects on both
populations of stocks A and B. A common example of this type of
interaction would be competition between stocks for common habitat or
food organisms where one of the two stocks is enhanced or
rehabilitated. These two way interactions, unlike those of type A,
would require estimates of gains and Tosses from both aided and
unaided stocks. The value of the annual net Toss could be added to
the operational cost of the hatchery but this approach would be
somewhat cumbersome if several facility simulations were to be
adijusted. At this writing we are aware of no documented evidence of
gains or losses in unaided stock populations from salmon enhancement
interactions of the hypothetical types discussed in the 1981
Enhancement Evaluation workshop.

The HBD or the FBC models are not designed to formally deal with
interactions between species. As the science of salmon fishery biology is
in its infancy with respect to quantitative analysis of these types of
interactions, it is unlikely that realistic predictive models for
biological interaction will be available for some time. Yet the simplest
of models may do much to illuminate the economic consequences of
hypothetical gains and losses from enhancement when tempered with intuitive
common sense of fisheries managers and enhancement planners. We have
indicated some of the ways that interactions between stocks can be
addressed with our models. There is much which can be done with the tools
we have today.

Handling Uncertainty

The most perplexing problems in fishery resource economics are those
concerned with risk, uncertainty, and irreversibility. In many cases the
preferred approach for dealing with the uncertainty in a given input
variable will be to run several simulations which represent reasonable
ranges for expectations of performance. For example, the HBD model could
be run once with the ocear survival for pink salmon fry set at 1% and again
with ocean survival at 7%. The ocutput from the two runs could then be fed
into the FBC model, and the resulting computations could be considered to
be the bounds of an interval of net present value for the facility being
modeled.

Unfortunately, informal sensitivity analysis is not as simple in practice
as the above example would indicate. As the number of input variables to
be varied increases beyond ore, the number of separate simulations to be
done increases exponentially (if n input variables are to be vgried, each
with a high and low value, then the number of simulations is 2").
Therefore users of our models must understand the biology and economics of
fisheries enhancement enough tc be able to evaluate the input variables as
well as the output from the model. We recommend that users do run
simulations several times with different values of key input variables.
However, these key variables will have to be chosen carefully as the ones
most likely to shed light on the policy question being addressed by the
simulation.
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GLOSSARY
1. Aided stock or unaided stock.

An unaided stock of salmon exists in concert with human induced
environmental pressure such as fishing. An aided stock of salmon has
been preduced or made larger through enhancement or rehabilitation
efforts. The term includes stocks which have been increased by
enhancement in the past through transplarts or other means. Aided
stocks may or may not be self reproducing.

2. Classical economic theory.

The theory of market behavior under perfectly competitive conditions
without government intervention. Usually associated with Adam Smith's
Inquiry into the Mature and Causes of the Wealth of Nations (1776 cited in
Stoan and Zurcher 1958). See also Neo-Classical economic theory.

3.  Consumer Surplus.

The difference between the maximum total amount a consumer would be
willing to pay to have a quantity of a given good (rather than do without
it entirely), and the actual total amount he pays for that quantity of
good. Also it is the triargular shaped piece above the price line on the
demand curve. (See also demand curve).

4, Demand Curve.

The mathematical function or graphic curve which illustrates the
relationship between the price ancd quantity of a good. Quantity is
rormally or the "x" axis and price is on the "y" axis.

5. Discount Rate,

The interest rate (r) used in calculating present value. In the case of
2 sing%e future amount coming in t years the discount factor is:

(1+4r) "

6. Efficiency.

Maximum production from some given level of inputs or cost minimization
for a given level of output. See also pareto-efficiency.

7. Equity.

Distribution of wealth geographically or in different sectors of the
ecoromy. It may refer to direct or induced impacts.

8. Exploitation.

The process of reducing the population of fish through fishing. It can
include either commercial fishing or sport or subsistence fishing.

- 22 -



9, Economic Profit or Economic Rent.

The difference between the total benefits and total cost at one quantity
of production over a defined time horizon.

10. Good.

Anything (either material or immaterial) that satisfies a human desire. A
good is something that an individual wants some of, rather than do without.

11. Marginal Analysis.

A method of analysis used by economists to evaluate additional (or
incremental) benefits and/or costs associated with doing one more or one
less unit of an activity. Marginal analysis is useful in determining if it
is efficient to undertake, expand, or continue a project.

12. Marginal cost.

The change_in total cost required to produce one additional unit (f) of
a good,

13. Marginal Revenue (Marginal Benefit).

Change in total revenue which takes place from a cne unit change in
ocutput.

14. Marainal VYalue (Marginal Profit).

Merginal benefit or revenue minus marginal cost.

15. Model.

A simplified representation of some real world process. It is
simplified because it is put together by ignoring some features of the
process and concentrating on a few of the most relevant assumptions and
factors.

16. Neo-classical Economic Theory.

The thecry of market behavior under conditions of both perfect and
imperfect competition. Conditions of imperfect competition include the
case of market failures from externalities (third party effects),
government intervention, price fixing, or quotas.

17. Net Benefits (Net Revenue).

Total benefits (revenue) Tess total costs. In the social context it is
equivalent to economic rent.
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18. Normative and Positive Statements and Analysis.

A normative statement is one which is based at least in part on opinion
of what ought to be or what ought to have been. A normative statement
cannot be shown to be true or false, for example: "the price of sockeve
salmon fell by toc much in the 1982-1983 season." This statement cannot
be tested for accuracy since it is opinion. A positive statement can be
tested and is based on what has been or what will be. For example, "from
vear 1973 to year 1974 pink salmon prices rose in PWS."

In genreral, our method of economic analysis is an exercise, in positive
analysis. However, the very nature of the method of analysis used in this
report implies some value judgments of what is useful and important. So
our positive method of analysis includes some normative elements.

19. O0Tigopsony Power (Monopoly Power).

The ability of a firm (in a market where sellers are few) to control

price through adjustments of the firm's production. The price searching
firm may use price control as a weapon in discouraging entry of other
firms into_the market place. The salmon processing industry is frequently
referred to as a market where some oligopsony power is exercised.

22. Opportunity Cost.

The most highly valued opportunity forgone when an investment action is
taken. The investment may invelve any use time or resources of value.

?3. Pareto-optimization (Pareto-efficiency) .

Efficiency related to a society. It includes the cost of returning

losers to their former level of welfare by forcing winners to pay for

the redistribution. Applications can be global, national, or regional.

24. Present Value.

The amount which a person would be willing to pay today to obtain the right
to 2 certain amount or series of amounts in the future as estimated through
use of a discount rate.

25. Stream (income, benefits or cost).

a. Time series of benefits or costs. Reoccurring benefits or costs which
take place over a long time horizon.

b. A series of dollar amounts such as an inccme or cost stream extending
into the past or future for a specific number of years.

26. Unaided Stock.

See aided stock.
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27. User Costs.

Accounting costs incurred by a consumer in the process of obtaining a
good. In the case of a sport fisherman they would be the total out of
pocket expenses used for during unit of time in the process of sport
fishing opportunities. It does not include opportunity cost.

28. Variable Assumptions.

An assumption used in the HBD or FBC models which be varied by the user
when the simulation computer programs are operated.

29. Wild Stock.

A stock of fish which has never been impacted by human activity such as
fishing pressure or changes in environmental conditions.

- 25 -



ACKNOWLEDGMENTS

We would 1ike to thank the following reviewers for comments and
recommendations made on earlier drafts of the documentation. They are
Dr. David Reaume, Economist; Dr. John Karpoff, Economist, University of
Alaska; Dr. Doug Larson, Economist, North Pacific Management Council;

Dr. Jim Crutchfield, Economist, University of Washington; and Dr. Fred
Johnson, Mathematician, Resource Consultants Associates. We also would
1ike to acknowledge additional members of the economic working group
including Brynn Keith, Jeff Hansen, Susan Lindauer and Hal Tavzel and the
F.R.E.D. Report System regional editor Mike Kaill,

- 26 -



REFERENCES

Anonymous. 1977. Life Cycle Cost Analysis done for Department of
Public Works (now Department of Transportation and Public
Facilities) by Hanscomb Associates, Inc. File copy at FRED Div.
Alaska Department of Fish and Game, Anchorage.

Brown, William C., Douglas Larson, Richard Johnson, and Roy Wahle.
1976. Improved Evaluation of Commercially and Sport-Caught Salmon
and Steelhead of the Columbia River. Corvallis. Oregon State
University Agricultural Experiment Station Special Report 463.

Clark, Colin W. 1976. Mathematical Bioeconomics: The Optimal Management
of Renewable Resources. John Wiley & Sons, Inc. 337pp.

Crutchfield, J. A., S. Laugdon, 0. A. Mathisen, and P. H. Poe. 1982.
The biological, economic, and social valves of a sockeye salmon stream
in Briston Bay, Alaska: a case study of Tazimna River. Fisheries
Res. Inst. University of Washington. Circular No. 82-2.

Development Planning and Research Associates, Inc. (DPRA) 1982. Alaska
salmon projected 1982 market conditions. Manhattan, Kansas.

Hall, C.A.S. and J.W. Day, Jr. 1977. Systems and Models: Terms and
basic principles, pp. 5-36. In C.A.S. Hall and J.W. Day, Jr.,
Ecosystem modeling in theory and practice. John Wiley and Sons,
New York.

Hartman, Jeff and Kit Rawson. 1982. F.R.E.D Division Enhancement
Benefit-Cost Model. Alaska Department of Fish and Game, Anchorage.
Unpublished.

Hartman, Jeff. 1983. Fishery and Economic Assumptions for 1982/1983
FRED Enhancement and Rehabilitation Simulations. Alaska Department
of Fish and Game, Anchorage. Unpublished.

Johnson, Fredrick C. 1974. Hatch, a Model for Fish Hatchery Analysis.
National Bureau of Standards Report #74521.

Kreinheder, Jack and David Teal. 1982. The Alaska Fishing Industry.
Alaska House Research Agency Report 81-4, Alaska State Legislature,
Juneau.

Larson, D. 1982. Recent advances in recreation valuation: a literature
search. Alaska Sea Grant College Program. Unpublished report.

Lindauer, S. and J. Hartman. 1983. An analysis of net benefits from

proposed capital improvement investments state salmon hatcheries.
Alaska Department of Fish and Game, Anchorage. Unpublished.

- 27 -



Main, R.S. and C.W. Baird. 1981. Elements of microeconomics. West
Publishing Co., St. Paul.

McConnell, K.(E. 1979. Values of marine recreational fishing:
measurement and inpact of measurement. Am. Jour. Agricultural Econ.
61(5): 921-925.

McKusick, Robert B., Glenn Keto, Diane Dempster, Susan Bochsler and
Hans Radtke. 1981. CRFDP Operators Manual. Production and Economic
Data Collection and Reporting for the Columbia River Fisheries
Development Program. Northwest Economic Associates, Vancouver.
Unpublished. -

Miernky, William H. 1965. The Elements of Input-Output Analysis.
Random House, New York.

Muse and Schelle, K. 1983. A fiscal model for the Southeast Alaska salmon
drift gill net fishery - 1981. Alaska Commercial Fisheries Entry
Commission Draft Report.

Randall, Alan. 1981. Resource Economics. Grid Publishing Inc.,
Columbus, Ohio.

Rawson, Kit, Jeff Hartman, and Hal Tavzel. 1983a. Users' Guide: The
Alaska Hatchery Broodstock Development System. Alaska Department
of Fish and Game, Anchorage. Unpublished.

Rawson, Kit, Jeff Hartman, and Hal Tavzel. 1983b. Users' Guide: The
Alaska Rehabilitation and Enhancement Facility Cost-Benefit
Simulation System. Alaska Department of Fish and Game, Anchorage.

Reaume, David M. 1977. Studying the Impact of Potential Development. The
Alaska Policy Planning Model (Preliminary Report). Paper presented at
the meetings of the Western Economics Association, Juneau, Alaska.

Reed, D. 1980. FACSIM, A Computer Program tc Aid in Hétchery Facility
Planning. Alaska Department of Fish and Game, Division of FRED,
Juneau. Unpublished.

Sloan, H. S. and A. J. Zurcher. 1958. A dictionary of economics.
Barnes and Noble, Inc., New York.

Walker, K. D., R. R. Rettig, and H. Hilborn. 1983. Analysis of
Multiple Objectives in Oregon Coho Salmon Policy. Can. J. Fish.
Aquat. Sci. 40:580-587.

Walters, C. J. 1980. Systems principles in fishery management.
pp. 167-184. 1In R, T. Lackey and L. A. Neilsen, fisheries
management. John Wiley and Sons, New York.

Yould, Eric P. 1982. The Susitna Hydro Studies. Alaska Power
Authority, Anchorage.

- 28 -



Youmans, Russell, William Rempa, and Edward Ives. 1977. The Tillamook
County Economy: A Working Model for Evaluating Economic Change.
Corvallis. Oregon State University Extension Service Special
Report 478.

- 29 -



PERSONAL COMMUNICATIONS
Aberle, Bill, Economist, Alaska Department of Commerce and Economic
Development, Commerical Fisheries Development Division, Anchorage,
Alaska 99501

Mills, Mike, Biometrician, Alaska Department of Fish and Game, Sport Fish
Division, Anchorage, Alaska 99502

- 130 -



APPENDIX A

EQUATIONS FOR THE HATCHERY BROODSTOCK
DEVELOPMENT MODEL

- 31 -



APPENDIX A

EQUATIONS FOR THE HATCHERY BROODSTOCK
DEVELOPMENT MODEL

The HBD model is a discrete event simulation model which projects the
development of a hatchery broodstock over a longtime horizon based upon
preliminary data, survival assumptions, assumptions about commercial and
sport fishery interception rates, assumptions about the fecundity of female
fish, and assumptions about the required natural stream escapement for
fishery management. The model was expanded from an earlier broodstock
development model developed by Reed (1980).

The notation used in this appendix is contained in Table 1.

Fishery Interception, Escapement, and Hatchery Broodstock

First of all, the total number of returning adults in a year, j, is the sum
of the total number of returning adults in up to 6 age classes.

R.

= 5 R
J -

iJ [AT]

Y-

The total returning adults are then divided into components of stream
escapement, commercial fishery interception, sport fishery interception,
hatchery escapement (that is, the fish that are used by the hatchery for
egg-take), and excess escapement.

.=F. A4S, .+ X, [
RJ EJ+(CJ+SJ) + HJ XJ [A2]
The excess escapement might represent fish available to a terminal
commercial fishery or possibly fish available for sale by a hatchery. 1In
our Facility Benefit-Cost model this excess escapement is divided into
components of sport and commercial catch and combined with the commercial
and sport interceptions.

The stream escapement is calculated as the maximum of i) a multiplicative
factor times the total number of returning adults, or ii) the minimum
absolute stream escapement required. If the total return is less than the
minimum required stream escapement then all of the fish in the return are
assumed to go to stream escapement.

. = .y Mi .,R. FA3]
EJ max [mRJ, min (aJ,RJ)] F'A3

The commercial and sport interceptions are then calculated from the fish
remaining after the stream escapement has been accounted for.

- Ej) [A4]
- Ej) [A5]

= r . (R,
Ci = reg (R

. . (R.
S5 7 rsy (R
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Table 1:

Notation for the hatchery broodstock development model. Lower

case symbols are quantities for which values must be assumed. Upper
case symbols are quantities calculated from the assumptions
according to the equations in this Appendix.

Symbol Meaning
R. Total returning adults in year j
jo Total returning adults of age i in year j
Ej ~ Stream escapement in year J
Cs * Commercial fishery interception in year j
g Sport fishery interception in year j
HY Hatchery escapement in year j
Xg Excess escapement in year j
m Multiplicative factor for required stream escapement
aj Minimum required stream escapement in year j
rcj Commercial fishery interception rate in year j
rsj Sport fishery interception rate in year j
P; Proportion of the return at age i that is female
q; The proportion of the fish that return at age i
f Mean fecundity (eggs/female)
Fj Proportion of the total return for year j that is females
Caf Hatchery capacity for emergent production fry in year j
cff’ﬁ Hatchery capacity for fed fry releases in year j
Ce 3 Hatchery capacity for fingerling releases in year j
cs’g Hatchery capacity for smolt releases in year j
Sqe.ee Survival proportion from green egg to eyed egg
sge’ef Survival proportion from eyed egg to emergent fry
Sef’ff Survival proportion from emergent fry to fed fry
sff’f Survival proportion from fed fry to fingerling
S¢ ; Survival proportion from fingerling to smolt
]
N e Number of green eggs in year j
Nge’q Number of eyed eggs in year j
Nef’g Number of emergent fry in year j
Lef . Releases of emergent fry in year j
Lff’q Releases of fed fry in year j
Lf 2J Releases of fingerlings in year J
LS’% Releases of smolt in year j
k Age of migration for smolt (usually 1)
0 Ocean survival proportion from release as emergent fry
ef . .
Ofs Ocean survival proportion from release as fed fry
O¢ Ocean survival proportion from release as fingerling
Og Ocean survival proportion from release as smolt
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In order to calculate the hatchery escapement, the proportion of the return
for the year that is females must be first computed by multiplying the
percent of females at each age class by the number of fish returning for
that age class and dividing by the total return for the year.

6

Fi = . R.L)/R, A6
J §§1p1q 378 (A6

The hatchery escapement is calculated by determining how many females are
needed for thée eggtake and then including an equal number of males in the
hatchery escapement. If there are not enough fish left over after the
stream escapement and the commercial and sport harvests have been
subtracted to fill the hatchery with eggs, then all of the remaining fish
in the return become the hatchery escapement, and the hatchery will get
however many eggs are available from those fish,
(f s )1 TA7]

.=mi .~E.-C.-S.) .(R.-E.-C.-S.
HJ m1n[(RJ EJ CJ SJ,, F (RJ EJ CJ SJ) C

J ef,j+1/

The excess escapement includes any fish that remain after the other
components have been taken out of the return.

Sfe,ee ee,ef

Ki =Ry —B5 -Gy =55 - H rA8]

Eggs, Fry, and Releases

The number of green eggs loaded into the hatchery in year j are calculated
by multiplying the fecundity assumption times the number of females in the
hatchery escapement that year.

N f (Hj/2) [A9]

ge,J ) q
The number of eyed eggs in year j are calculated by multiplying the assumed
green egg to eyed egg survival times the number of green eggs loaded.

N FA10]

ce,i = Sge,ee"ge,j
The number of emergent fry in the following year, j + 1, are calculated by
multiplying the assumed eyed egg to emergent fry survival times the number
of eyed eggs in year j.

N =5

ef,i+1 [ATT]

ee,efNee,j
Releases of fish are projected from the computed number of emergent fry,
the within hatchery survival assumptions, and the assumptions about the
capacity of the hatchery to release fish at different 1ife stages. The
pool of emergent fry in year j + 1 is considered to be available to provide
fish for release at the fingerling, fed fry, and emergent fry stages in
year j + 1 and at the smolt stage in year j + 1 + k, where k is the number
of winters that smolt (if any) are kept in the facility before release. 1In
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case the facility is able to release fish at more than one 1ife stage, the
more advanced Tife stages will take precedence over the others. Therefore,
the number of smolt released in year j + 1 + k is calculated first.

L

N ] [A121]

s,i+1ek - MM Ise o See e Ser et Nog 5415 S, jake
Then the number of fingerlings released in year j + 1 is calculated from
the pool of emergent fry remaining after those necessary to produce the
smolt release have been subtracted out.

N [A13]

Le, ga1 = ™M Tsge £Sor £lNer,j41)-(Ls, 3414k SFq,s )3 SFq,j+1
Then the fed fry releases are calculated from the pool of emergent fry

remaining after the smolt and fingerling releases have been accounted for.
L

N (L

f,j+1/,sff)'(Ls,j+1+k/sff,f,sf,s)cff,j+1]
FA147

£e,341 M Ser piler,g41°

Finally, the emergent fry releases are those emergent fry left over, if
any, after the emergent fry necessary to produce the releases at the other
life stages have been accounted for.

L

N (L

£f, 541 Sef, 180 (Le, 31/ Ser, £65 £, )
), j+1+k [A15]

ef,j+1 Vef,j+1”

g 414K/ Sef 15 £ ,£5F, 5

Returning Adults

The number of returning adults is calculated from the release numbers, the
assumed ocean survival rates, and the assumed age distribution for the spe-
cies. A separate computation is made for each age class in the return.

R L

L ] [A16]

i,541+i 95 M0 rber sa1t0reler 541708 541705ks 541

A1l of the adult returns in a single year are combined to give total adult
return, and the cycle begins again with equation [All.
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APPENDIX B
. EQUATIONS FOR THE FACILITY BENEFIT-COST MODEL

Table 2 contains the definitions of all variables used in calculations for
the FBC model. There are two levels of equations described here. The
first are the foundation equations, that is, those equations which take
information directly from the results of an HBD simulation and additional
economic assumptions. The second level includes those equations used for
producing the overall economic projections, such as the incremental value
or impact value of an enhanced stock. These computations use the results
calculated from the foundation equations.

Foundation Equations

The foundation equations are structured to enable the model to deal with a
wide variety of policy questions. Some of these will involve ex-post
and/or ex-ante analysis. Therefore the need for discounting of past
benefits and costs results in the ability to shift back to the first year
of the ex-post analysis or shifting to the base year for future oriented
simulations. While the foundation equations leave the impression of only
being able to solve combined ex-post ex-ante questions, analysis may be
restricted to one or the other or both. In fact most policy questions only
require ex-ante analysis.

The input variable for the base economic year determines when the
discounting starts.

The gross incremental revenue (as a present value) of the commercial
harvest for a series of past and future years from hatchery or enhancement
produced fish is computed as follows:

S 6| BT L |
HR= .g § ;_ wj(CH)ij(FG)kj(AP)ijke +D1 z__ wj(CH)ij(FG)kj(PR)jk1 Dil
j=1 k=1 | _i=F i=B l
[B1]
The marginal cost of the commercial fishery harvest in base year dollars
for members of the fishing fleet who participated in the harvest of
enhancement produced fish is computed as follows:
S 6, | 7 B-1 L |
HC= & g Tz W (CH) (FG) (AP) D + £ W (CH) (FG) (CR) D
j=1 k=1 | i=F ij kj ijke i i=B j ij ki k1 i
l_ I
[B2]
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Table 2.

Definitions of variables used in the FBC Model.

First Year of Hatchery Operation

FEconomic Base Year

First year of Brocodstock Simulation

Final year of economic simulation

Adjusted demand price per pecund of previovucly caught fish from price
index e in year i

Cost per pound of previously caught fish from price index e

Interest rate

Discount Factor: n, = 1

Past Operational Cost in year i

Future Operaticnal Cost in ycar i

Past Capitai cost in year i

Future Capital cost in year i

Number of species

Number of fish harvested by commercial fishery for given species J
in year i

Mumber of Gear Types for species j

Percent Fresh Frozen for species J

Fj/100 - a multiplicative factor for portion Fresh Frozen for
species J

Percent Canned for species j

Cj/100 - a multiplicative factor for portion canned for species j
Recovery Factor of Fresh Frozen Fish for species J

Recovery Factor of Canned Fish for species j

Wholesale price/1b. of Canned Fish for species j for i years
Wholesale price/1b. of Fresh Frozen for species j for i years
Cost per processed 1b. of Canned for species j for i years

-Continued-~
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Table 2. Continued.

CFji = Costrper processed 1b. of Fresh Frozen for species j for i years

Pij = Percent of commercial harvest attributed to gear type k, species j

Fij = Factor Pij/1OO - a multiplicative factor of commercial harvest
attributable to gear type k, species j.

PRkji= Priq? per 1b. in round for each gear type k, species j, year i

CRkj1= Cost per 1b. in round for fisherman gear type k, species j, year i

CAj = catch/angler day for species j

VAj = value/angler day for species j

PEj = Percent of female biomass which is eggs, species j

FEj = Factor of female biomass which is eggs for species j (PEj/100)

PAj = Percent of females which are attributed to egg harvest for species j

FAj = Factor of females which are attributed to egg harvest species j
(PAj/100)

WEj = Price per 1b. for egags for species j

W, = Weight/fish for species j

SHij = number of fish harvested by the sport fishery year i, species j

3 = subscript for a given species J

= subscript for a given gear type k

i = subscript for a given year i

e = subscript for specific adjustment of a given price or cost

WR = wholesale revenue from canned or fresh frozen salmon (Present value)

WC = Wholesale processing costs of fresh frozen and canned product
(Present value)

HR = Harvest Revenue from all species (Present value)

HC = Harvest Cost (present value)

ER = Egg Sale Revenue or Profit (present value)

sV = Value from sport fishing effort present value

fHP = Factor of economic impact of harvest profit

fHC = Factor of impact to commercial harvest cost

fFI = Factor of impact of facility capital investment

fFO = Factor of impact of facility operational cost

-Continued-
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Table 2. Continued.

WP
WC

ER
la MR

2a
2a

pv
DV

3a

Factor of impact of processors profit

Factor of impact of processors cost

Factor of impact of egg sale value

Marginal revenue of commercial fishing and sport fishing

effort.

Direct value of commercial fishing and sportfishing effort.

Period or year of payback for 2a.

Impact income from DV

Ratio of impact income over costs

Profitability of processors and fisherman and value of sport fishing
effort less hatchery costs.

Impact income form sport fishing effort, commercial fishery,
processing industry and hatchery capital and operational investment
Profitability of processors and fisherman including egg sale values
less hatchery costs.

Impact income from sportfishing effort commercial fishery,
processing industry and egg sale value over total processing cost,
harvest cost and facility costs.
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The wholesale revenue (usually marginal revenue) in base vear dollars of
fresh frozen and canned fish sold by a processors is computed as follows:

S | B-1
L X

. .y . . .. D . . .
WR WJ(CH\1]”(MC)J(RC)J(AP)1JeD1+(MF)J(RF)’(AP)1Je‘

J

(%

L | 1
P wj(CH)1jf(MC)j(RC)j(WC)ji D, + (MF)j(RF)j(WF)ji D,

i

The cost to the processor in base year dollars attributed to the
incremental cost of producing canned and fresh-frozen product from
enhancement produced fish over a stream of past and future years is
computed as follows (The wholesale cost includes the purchase price of the
landed fish):

S | B-1 ;
= 7
WC jz] iEF wj (CH)ij r(MC)j(RC)j(AP)ije Di + (MF)j(RF)j(APBije Di,
L I
. .. ) , .. D. ) . .. D.7| Ta?
+ 158 WJ(CH)HF(MC)J(RC)J(CC)N D1 + (MF)J(RF)J(CF)31 Dr': B4’

The gross or net revenues from the sale of eggs from past and future stream
of enhancement-produced salmon is computed as follows:

L
z W, (CH)

3 i (FE)i (FA)i (WE) . Di?. [B51
oF ‘ i 3
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The present value (usually marginal) of sport fishing effort spent on
harvesting enhancement produced fish from past and future years is
computed as follows:

SR =
J

[B61

It~ W
ne r—

M(SH) ., . . D,
LB T(SHgg 7 (CR)ST (VA Dy

The equation for past and future facility operational costs are computed as
follows:

B-1

0C= 1=

_ r(P0),(AP), D; +
1 w

. D.1. rg71
- i (FO)J D, B7

™M

B

The past and future facility capital costs are computed as follows:

B-1

FI= 3

L
i F(PC)i (Ap)ieDi + E (FI), Di}' res’!

F i

Overall Calculations

Model 1:

Model 1 uses the estimated gross revenue or marginal revenue of the
commercially landed fish (HR) and the marginal value of the sport fishery
(SR)less the 1ife cycle costs of the hatchery or project investment (FI)
and operation, administration, evaluation, and maintenance (F0).

la. MV = HR + SV - (FI + FO) rBal
la, year where MV Z 0 (where the year is a positive integer) TB107
lc. B:C = (HR + SV) / (FI + FO) MB11l
Model 2:

Model 2 is the same as Model 1, with the addition of the incremental cost
of the enhancement generated commercial fishery effort. Also, in 2b
(equations [B147 and [B157) the impact income of the incremental harvest
value, incremental harvest cost and marginal facility cost is estimated by
applying the appropriate regional or state income multiplier. 2c (equation
fB161) uses the same terms as 2b, but expresses the present value of impact
income in the state or region as a ratio.
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Za-I DV = SV + HR - HC - (FI + FO) rg121

2a,. year when DV > 0 rg13l

Zb]. I = SV+ fHP (HR - HC) + fHC HC + fFI FI + fFO FO [B14]

2b,. year when I > 0 [B15]

2c. B:C = (Sy + fHP (HR - HC) + fHC HC + fFI FI + fFO Fo) / [B16]
(FI + FO)

Model 3:

Model 3 considers the processing sector in addition to those factors in
Model 2. In 3a (equation [B17]) the profitability of the commercial sector
is estimated as in 2a. Similarly, the profit or value of the processing
sector is taken to be revenue less incremental cost. The sport fishing
value is treated as in 1 a,c and 2 a,b,c.

In 3b (equation [B191) externally generated multiplicative factors to the
profitability and costs of the commercial fishing and processing sector as
well as the capital and operational costs of the enhancement or
rehabilitation project.

The benefit-cost ratio for model 3c (equation [B21]) is simply the impact
income from 3b (equation [B19]) divided by the standard capital and
operational costs of the facility.

38, DP = SV + (WR - WC) + (HR - HC) - (FI + FO) 171
3a2. year when DP > 0 [B181
3b]. I =SV + (WR - WC) + (WC - HR) + (HR - HC) + fHC HC + [B19]
fp F1+ foq FO

3b2. year when I > 0 [B201
3c. B:C ISV + fwP(WR - WC) + fWC(WC - HR) + fHP(HR - HC)

o T

+ fHC HC + fFI FI + fFO FO| (FI + FO) 211
Model 4:

Model 4 is an exact duplicate of Model 3, with the additional marginal or
incremental value of the sac roe sales.

4a1. DP = SV + (WR - WC) + (HR - HC) + ER - (FI + FO) rg22]
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4a,.
4b, .

4b, .

4c.

year when DP > 0 re23l
I =Sy + fwP(WR - WC) + fwc(WC - HR) + fHP(HR - HC)

+ fHC HC + fER ER + fFI FI + fFO FO [B241
year when I > 0 [B251
B:C-= [SV + fwP(NR - We) + fWC(NC - HR) + fHP(HR - HC)

+ fHC HC fER ER + fFI FI + fFO FO| (FI + FO) 8261
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APPENDIX C
EXAMPLE OF HBD QUTPUT
This appendix contains an example of the computer output from the HBD
Model. The first three pages list the input variables for the model

(referred to as "assumptions" on the printout). The remaining pages
contain the output variables by year.
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ASSUMPT IONS FOR BROODSTOCK DEVELOPMENT PROGRAM PAGE 1

HATCHERY: KITO! HATCHERY SPECIES: PINK

EUROPEAN
FIRST YEAR DURATION RELEASE AGE
1983 22 YRS. 0.0

SURVIVALS IN THE HATCHERY (PERCENT):

RCM: GREEN EGGS  EYED EGGS EMERGENT FRY FED FRY FINGERL INGS
TO: EYED EGGS EMERGENT FRY FED FRY FINGERL INGS SMOLT
' 90 .00% 95.00% 95.00% 85.00% 000.00%
SURVIVALS (PERCENT) TO ADULT STAGE FROM RELEASE AS:
M

|
EMERGENT FRY FED FRY FINGERL INGS SKOLT

1.70% 000.00% 3.20% 000.00%

PERCENT OF RETURN BY EURCPEAN AGE:
0.0 .1 2 3 .4 .5 b
000.00% 100.00% 000.00% 000.00% 000.00% 000.00% 000,00%

FEMALE FERCENT OF RETURN BY EUROPEAN AGE: :
0.0 .1 2 3 .4 .5 .6
000.00% 50.00% 000 .00% 000.00%  000.00% 000.00% 000.00%

FECUNDITY. PERCENT ADULT
(EGGS PER FEMALE) HOLDING MORTALITY
1600. 1.00%

MINIMUM PERCENT STREAM ESCAPEMENT: 000.00%

MINIMUM ANNUAL STREAM ESCAPEMENT BY YEAR:

1983 1984 1985 1986 1587 1588 1989
MIN. ANN. ESCAPE  6000. 6000. 6000. 6000, 6000. 6000. 6000.

1690 1691 1692 1993 1994 1995 1996
MIN. ANMN. ESCAPE  6000. 6000. 6000. 6000. 6000. 6000. 6000.

1997 1698 1999 2000 2001 2002 2003
MIN. ANN. ESCAPE  6000. 6000. 6000. 6000. 6000. 6000. 6000.

2004
MIN. ANN. ESCAPE 0.
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ASSUMPT IONS FCR BROODSTOCK DEVELOPMENT PROGRAM PAGE 2

HATCHERY: KITdI HATCHERY SPECIES: PINK
FISHERY [MTERCEPTIOM RATES (PERCENT) BY YEAR:
1983 1584 1985 1986 1887 1986 1989

CCTAL 85.00% 85.00% 85.00% 85.00% 85.00% §£5.00» 85.00%
000.00% 000.00% 000.00% 000.00¢% 000.00% 000.00% 000.00%

1990 1691 1992 1993 1884 1965 1996

COMMERCT AL 85.00% 85.004 85.00% 85.00% 85.009% 85.00% 85.00%

SEORT 000.00% 000.00% 000.00% 000.00% 000.00% 000.00% 000.00%
1997 1998 1999 2000 2001 2002 2003

COMMERCI AL 85.00% 85.00% 85.00¢ 85.007 &£5.00¢ 85.00% 85.00%

SPORT 000.00% 000.00% 000.00% 000.00% 000.00¢ 000.00% 000.00%
2004

COMMERCIAL 85 .00%

SPOR 000.00%

HATCHERY CAPACITIES (MILLIONS) BY YEAR:

1983 1984 1985 1986 1987 1686 1989

EMERGENT FRY 73.500 73.500 73.500° 73.500 73.500 73,500 73.500

FED FRY 8.000 8.000 8.000 8.000 8.000 8.000 8.000

FINGERL INGS 7.220  7.220 7.220 7.220 7.220 7.220 7.220

SMOLT .000 .000 .000 .000 .000 .000 .000
1990 1691 1692 1093 1994 1895 199

EMERGENT FRY 73.500 73.500 73.500 73.500 73.500 73.500 73.500

FED FRY 8.000 8.000 B8.000 8.000 8.000 &.000 8.000

F INGERL INGS 7.220 7.220 7.220 7.220 7.220 7.220 7.220

SMOLT .000 .0C0 .000 .000 .000 .000 .000
1597 1698 1999 2000 2001 2002 2003

EMERGENT FRY 73,500 73.500 73.500 73.500 73.500 73.500 73.500

FED FRY 8.000 8.000 8.000 8.000 8.000 8.000 8.000

F INGERL INGS 7.220 7.220 7.220 7.220 7.220 7.220 7.220

SHOLT .000 .000 000 .000 .000 ~ .000 .000
2004

EMERGENT FRY .000

FED FRY .000

FINGERL INGS .000

SMOLT .000
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ASSUMPT {ONS FOR BROODSTOCK DEVELOPMENT PROGRAM

HATCHERY: KITOl HATCHERY SPECIES: PINK
PREL IMINARY DATA FOR BROODSTOCK DEVELOPMENT PROGRAM
NUMBER OF AMULTS RETURMING FROM PREVIOUS RELEASES
BY YEAR, 8Y EUROPEAM AGE:

AGE 1943

.1 851445,

REMOTE EGG TAKES (MILLIONS) BY YEAR:

1983 .000 1984 000 1985 .000 1986 .000
1968 000 1989 000 1990 000 1991 .000
1993 A00 1994 .000 1995 000 19% .000

1998 000 1999 .000 2000 .000 2001 .000

2003 000 2004 .000

1983 EMERGENT FRY (MILLIONS): 73,530

- 48 .

1987
1992
1997
2002

.000
.000
.000
000
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RESULTS OF BROODSTOCK DEVELOPMENT SIMULATION

HATCHERY: KITO! HATCHERY
YEAR 1983 1984
HATCHERY
ADULTS/AGE

. RI1445, 1201892,

TOTAL €91445. 1201892,
STREAM ,
ESCAPEMENT 6000. 6000.
COMMERCH AL
INTERCEPT.  718678. 1016508.
SPORT .
INTERCEPT. 0. 0.
HATCHERY
ESCAPEMENT  108542.  108542.
EXCESS
ESCAPEMENT ~ 18275.  70842.
HATCHERY INVENTORIES (MILLIONS)
GREEN EGGS  85.965  85.965
EYED EGGS 77.368  77.368
EMERGENT FRY 73,530  73.500
RELEASES (MILLIONS)

. EMERGENT FRY 57.109  57.079
FED FRY 8.000 8.000
FINGERLINGS  7.220 7.220
SMOLT .000 .000

1

12013

12013

985

82.

82.

6000.

1016075,

108542.

707

85.
77
73.

S|
~ oo~

66.

965

.368

500

079
.000
.220

.000

1986

1201382,

1201382,

6000.

1016075.

108542.

70766.

85.965
77.368
73.500

57.079
§.000
7.220

.000

- 49 -

SPECIES: PINK

1887
1201382.
1201382.

6000.

1016075.

106542,

70766.

85.965
77.368
73.500

57.079
8.000
7.220

.000

PAGE

1988
1201382,
1201382,

6000,

1016075.

108542,

70766.

85.965
77.368
73.500

57.079
8.000
7.220

.000

1

1989
1201382,
1201382,

6000.

1016075,

108542,

70766.

85.965
77.368
73.500

- 57.079
8.000
7.220

.000



RESULTS OF BROODSTOCK DEVELOPMENT SIMULATION

HATCHERY: KITOI HATCHERY

YEAR 1960
HATCHERY
ADULTS/AGE |
.1 1201382,

TOTAL 1201382
STREAM
ESCAPEMENT 6000.
COMMERCHAL
INTERCEFT. 10160675,
SPORT
INTERCEPT., -~ 0.
HATCHERY
ESCAPEMENT 108542,
EXCESS
ESCAFEMENT 70766.

HATCHERY [NVENTORIES (MILLIONS)

- 0t Gp S B e et i D M o i i e

GREEN EGGS 85.965
EYED EGGS 77.368
EMERGENT FRY 73.500

RELEASES (MILLIONS)

. . > = iy o s S S P o

EMERGENT FRY 57.079

FED FRY 8.000
FINGERL INGS 7.220
SMOLT .000

1991

1201382,

1201382,

6000.

1016075,

108542,

70766.

77.368
73.500

57.079
8.000
7.220

.000

SPECIES: PINK

1962 1993
1201382, 1201382,
1201382. 1201382,

6000. 6000.
1016075. 1016075.
0. 0.
108542, 108542,
70766. 70766.
85.965 85.965
77.368 77.368
75.500 73.500

- 57.079 57.079
8.000 8.000
7.220 7.220
.000 .000
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1994

1201582,

1201382.

6000.

1016075,

108542.

70766.

85.965
77.368
73.500

57.079
8.000
7.220

.000

PACE 2
1995 19%
1201382, 1201382,
1201382, 1201382,
6000. 6000,
1016075. 1016075,
0. 0.
108542, 168542,
70766. 70766.
8.965°  85.965
77.368 77.368
73.500 73.500
57.079 57.079
8.000 8.000
7.220 7.220
.000 .000



RESULTS OF BRQODSTOCK DEVELOPMENT SIMULATION

HATCHERY: KITOI HATCHERY

YEAR 1997

HATCHERY

ADULTS/AGE -

1201382,

TOTAL 1201382,

STREAM

ESCAPEMENT 6000.

COMMERCI AL

INTERCEPT.  1016075.

SPORT i

INTERCEPT. 0.

HATCHERY

ESCAPEMENT 108542,

EXCESS

ESCAPENENT  70766.

HATCHERY INVENTORIES (MILLIONS)

s O . 2 it W (. e S, A T S s o o P o s e ok o 2 W Tt P

GREEN EGGS 85.965
EYED EGGS 77.368
EMERGENT FRY 73.500

REL.EASES (MILLIONS)

EMERGENT FRY 57.079

FED FRY 8.000
FINGERL INGS 7.220
SMOLT .000

1201582,

6000.

1616075,

108542,

70766.

57.079
8.000
7.220

.000

1989

1201382,

1201382,

6000.

1016075.

108542.

70766.

85.965
77.368
73.500

57.079
£.000
7.220

.000

SPECIES: PIMK

2000

1201382,

1201382.

6000.

1016075.

108542,

70766.

85.965
77.368
73.500

57.07¢9
§.000
7.220
000

51 -

2001

1201382,

1201382,

6000.

1016075.

108542.

70766.

85.965
77.368
73.500

57.079
8.000
7.220

.000

PAGE 3
2002 2003
1201382, 1201382.
1201382, 1201382,
6000. 6000.
1016075. 1016075,
0. 0.
108542,  108542.
70766. 70766.
85.965  85.965
77.368  77.368
73.500  73.500
57.079  57.079
8.000 8.000
7.220 7.220
.000 .000



RESULTS OF BROODSTOCK DEVELOPHMENT SINMULATION PAGE 4

HATCHERY: KITO! HATCHERY SPECIES: PINK
YEAR 2004
HATCHERY
ADULTS/ AGE
. 1201382.

TOTAL 1201382,

STREAM
ESCAPEMENT 0.

COMMERCI AL
INTERCEPT. 1021175,

SPORT -
INTERCEPT. 0.

HATCHERY
ESCAPENENT 0.

EXCESS
ESCAPEMENT  180207.

HATCHERY INVENTORIES (MILLIONS)
GREEN EGGS .000
EYED EGGS .000
EMERGENT FRY 73.500

RELEASES (MILLIONS)

EMERGENT FRY 73.500

FED FRY .000
FINGERL INGS .000
SMOLT .000
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APPENDIX D
EXAMPLE OF FBC OUTPUT

This appendix contains an example of the computer output from the FBC
model. The first four pages 1ist the input variables (called
"assumptions" on the printout). The remaining pages are the output
variables. This is an example of an ex ante analysis, so even though
the hatchery began operation in 1975, costs and benefits before 1982 are
not considered.
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FACILITY: KITOl HATCHERY

FACILITY-VWIDE ECONOMIC ASSUMPTIONS

. " o 9 B0 U 00 Bt M o Ot U B TG B M B Bt e e S Y v Bt 8 D B o e Bt B e e L e e e ke S (it A A o et e e i B T Yy R e W T S o T e Gt R B D S e e o T S et S0

FIRST YEAR OF FACILITY OPERATIONS =~ 1975

FIRST YEAR OF BROODSTOCK SIMULATION ~ 1983

FINAL YEAR OF ECONMOMIC SIMULATION -~ 2006
ECONOMIC BASE YEAR ~13882 )
INTEREST RATE -  3.00%

FACILITY ANNUAL CAPITAL AND OPERATIONAL COSTS (IN 1000'S OF $)

1975 1976 1977 1978 1979 1980 1981
CAPITAL COST: .0 .0 .0 .0 .0 .0 .0
OPERATIOMAL COST: .0 .0 0 .0 0 .0 .0
1982 1983 1984 1985 1986 1987 1988
CAP{TAL COST: .0 .0 .0 .0 0 .0 .0
OPERATIONAL COST: 522.0 472.5 472.5 472.5 472.5 472.5 472.5
Ty 1969 1990 1991 1992 1993 1994 1995
CAPITAL COST: .0 .0 0 .0 .0 .0 .0
OPERATIONAL COST: 472.5 472.5 472.5 472.5 472.5 472.5 472.5
1996 1997 1998 1999 2000 2001 2002
CAPITAL COST: .0 .0 .0 .0 .0 .0 .0
OPERAT IONAL COST: 472.5 472.5 472.5 472.5 472.5 472.5 472.5
2003 2004 2005 2006
CAPITAL COST: .0 .0 .0 0
OPERAT IONAL COST: 472.5 .0 .0 .0
IMPACT MULTIPLIER FCR CAPITAL COST - 000.00%

IMPACT MULTIPLIER FOR OPERATIONAL COST - 000.00%
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FACILITY: KITO! HATCHERY SPECIES: PINKS

SPECIES ECONOMIC ASSUMPTIONS

Yo e e i et o e S A G v S S N e e A i 8 i e B e B T S 0 e e e e R B o o e B g e o e e s e i e e G e S ke A B AR M By i St S et O B St e

MEAN WEIGHT IN POUNDS: MALES - 3.50 FEMALES -  3.50
COMMERCHAL FISHERY : NUMBER OF GEAR TYPES =~ 2
IMPACT MULTIPLIER FOR INCREMENTAL REVENUE - 000.00%
INPACT MULTIPLIER FOR:INCREMENTAL COSTS = 000.00%
PROCESS ING : PCT. FRESH/FROZEN —YOOO.OO% PCT. OF FISH USED -~ 000.00%
PCT. CANNED - 100.00% PCT. OF FISH USED - 63.00%
IMPACT MULTIPLIER FOR INCREMENTAL REVENUE - 000.00%
IMPACT MULTIPLIER FOR INCREMENTAL COST - 150.00%
EGG SALES : PCT. OF FEMALE WT. THAT IS EGGS -  7.00%

PCT. OF HARVESTED FEMALES USED FOR EGGS - 50.00%
WHOLESALE PRICE/LB - § 4.00
IMPACT MULTIPLIER FOR INCREMENTAL REVENUE - 150.00%

SPORT FISRHERY : CATCH/ANGLER/DAY -  0.00 VALUE/ANGLER/DAY -~ § 0.00
IMPACT MULTIPLIER FOR INCREMENTAL VALUE - 000.00%

PREL IMINARY COMMERCIAL HARVESTS:

1982 1981 1980 1979 1978 1977 1976
0. 0. 0. 0. 0. 0. 0.

1975
0.

PREL IMINARY SPORT HARVESTS:

1982 1981 1980 1979 1978 1977 1976
. 0. 0. 0. 0. 0. 0.

1975
0.
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FACILITY: KITOl HATCHERY SPECIES: PINKS

COMMERCIAL HARVEST PROCESSING IMFOMAT ION

" T bt - o A} St . S o (et S e o T e SRk S D S S T S Bt e 7D S RO et b ek S St o At M s AP P O P e L e o e e A P T e SRR e S G AL ST B e S el e P S B U e G o T

CANNING ANMMUAL WHOLESALE PRICE AND PROCESSING COSTS

1975 1676 1977 1674 1976 1980 1981
WHOLESALE PRICE/tB: $ 0.00 § 0.00 § 0.00 § 0.00 3% 1.27 & 1.62 3% 1.63
PROCESSING COST/LB: $ 0.00 3 0.00 % 0.00 % 0.00 & 1.00 % 1.30% 1.30
1982 1983 1884 - 1985 1986 1687 1988
WHOLESALE PRICE/LB: $ 1.44 § 1,51 § 1.51 § 1.51 % 1.51 8 1.51 § 1.51
PROCESSING COST/tB: ¢ 1.15% 1.21 % 1.21 % 1.21 % 1.21 8 1.2 § 1.21
: 1989 1950 1991 1892 1963 1994 1965
WHOLESALE PRICE/LB: $ 1.51 % 1.51 % 1.51 % 1.51 & 1.51 % 1.51 % 1.51
PROCESSING COST/tB: ¢ 1.21 § 1.21 % 1.21% 1.2v % 1.21 % 1.21 8§ 1.21
: 1996 1697 1998 1699 2000 2001 2002
WHOLESALE PRICE/LB: $ 1.51 % 1.51 % 1.51 % 1.51 % 1.51 % 1.51 % 1.51
PROCESSING COST/LB: $§ 1.21 % 1.21 % 1.21$ 1.21 % 1.21 %8 1.21 % 1.21
_ 2003 2004 2005 2006
WHOLESALE PRICE/LB: § 1.5t $ 1.51 § 1.51 § 1.51 %
PROCESSING COST/LB: $ 1.21 % 1.21 ¢ 1.21§ 1.21 %
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FACILITY: KITO! HATCHERY

SPECIES: PINKS

COMMERCIAL HARVEST GEAR TYPE INFORMATION

L e e 4 o i s D . S i ) B S D S e S O S e i . S B P S o T D e e A A D ok B B g g A S S S o e M S it B e S P T A O P 0 e e Mk e e o Y e Pt e e S

GEAR TYPE MAME: PURSE SEINE

PERCENT OF COMM. HARVEST: 93.00%

ANNUAL FISHERMEN'S PRICE AND COST
1975 1976 1977 1978 1979 1660 1981
PRICE/LB TO FISHERMEN: $ 0.00 $ 0.00 $ 0.00 $ 0.00 § .47 % .48 § .46
FISHERMENTS COST/LB: $ 0.00% 0.008% 0.009% 0.005% .07 %8 .07 % .07
1982 1985 1984 1985 1986 1887 1988
PRICE/LB TO FISHERMEN: $ .24 % A7 S 47§ 47 % AT S 4T S .47
FISHERMEN'S COST/LB: $ 045 07 % 07 8 0783 .07 % 07 % 07
1989 1990 1991 1692 1993 1694 1995
PRICE/LB TO FISHERMEN: $ .47 $ .47 $ A7 $ A7 8 .47 0§ A7 5 .47
FISHERMEN'S COST/LB: $ 073% w078% .w078% W078% .078% .07 % .07
1996 1997 1998 1889 2000 2001 2002
PRICE/LB TO FISHERMEN: $ A7 5 47 A7 85 47 8 47 8 47T 8 .47
FISHERMEN'S COST/LB: $ L0735 078% .07% 07 % 07 % 0759 .07
2003 2004 2005 2006
PRICE/LB TO FISHERMEN: $ 47 5 .47 § A7 5 W47 8
FISHERMEN'S COST/LB: $ 07§ .07 % 07 % .07 5%
GEAR TYPE NAME: BEACH SEINE PERCéNT OF COMM. HARVEST:  7.00%
ANNUAL FISHERMEN'S PRICE AND COST
1975 1976 1977 1678 1679 1980 1981
PRICE/LB TO FISHERMEN: $ 0.00 $ 0.00 $ 0.00 § 0.00 % A7 3 48 $ .46
FISHERMEN'S COST/LB: $ oo00% 0.00% 0.00% 0008 078 .078% .07
1982 1983 1684 1985 1966 1987 1988
PRICE/LB TO FISHERMEN: $ .24 % AT S 47T 8 47T S 4T 8 4T 8 .47
FISHERMEN'S COST/LB: $§ 045 07 % 078% 0738 073 .07F% .07
1989 1990 1991 1662 1993 1694 1995
PRICE/LB TO FISHERMEN: § .47 § A7 3 47 3 47 S 47 8 4T 8§ .47
FISHERMEN'S COST/LB: $ 07% w07% w07% 078% 0735 .078% .07
1996 1997 1996 1999 2000 2001 2002
PRICE/LB TO FISHERMEN: $ .47 $ AT S 47§ A7 S 47 8 47 5 .47
FISHERMEN'S COST/LB: ¢ 07 % 07% 078 078 078 073§ .07
2003 2004 2005 2006
PRICE/LB TO FISHERMEN: % 47 % 47§ A7 3 A7 3
FISHERMEN'S COST/LB: $ .07

$ 07 $__,02% .07%

- 57 -



RESULTS OF ECONOMIC SIMULATION k BASE YEAR : 1982
FACILITY: KITOl HATCHERY INTEREST RATE : 3.00%

PRESENT VALUES OF FACILITY COSTS (IN $1000'S)

1975 1976 1977 1978 197¢ 1980 1981
CAPITAL .0 .0 .0 .0 .0 0 .0
OPERAT IONAL .0 0 0 .0 0 0 .0

TOTAL .0 0 0 .0 0 0 .0

TOTAL (IMP) .0 .0 0 .0 0 0 .0

CuM. TOTAL .0 .0 0 .0 0 0 .0

‘ 1982 1983 1684 1985 1986 1987 1988
CAPITAL .0 .0 .0 .0 .0 .0 .0
OPERATIONAL  522.0 458.7 445 .4 4324 419.8 407 .6 395.7

TOTAL 522.0 458.7 445 .4 432 .4 419.8 407 .6 395,7

TOTAL (1MP) .0 .0 .0 .0 .0 .0 .0

CUM. TOTAL - 522.0 980.7 1426.1 1858.5 2278.3 2685.9 3081.6

1989 1990 1991 1992 1993 1994 1995
CAPITAL .0 .0 .0 .0 .0 .0 .0
OPERATIOMNAL  384.2 373.0 362.1 351.6 341.3 331.4 321.7

TOTAL 384,2 373.0 362.1 351.6 341.3 331.4 321.7

TOTAL (IMP) .0 .0 .0 .0 .0 .0 .0

CUM. TOTAL 3465.8 3838.8 4200.9 4552.5 4893.9 5225.3  5547.0

1996 1997 1998 1999 2000 2001 2002
CAPITAL .0 .0 .0 .0 .0 .0 .0
OPERATIONAL  312.4 303.3 294 .4 285.9 277.5 269.5 261.6

TOTAL 312.4 303.3 294 .4 285.9 277.5 269.5 261.6

TOTAL (1MP) .0 .0 .0 .0 .0 .0 .0

CuM. TOTAL 5859.4 6162.7 6457.1 6743.0 7020.5 7290.0 7551.6

: 2003 2004 2005 2006
CAPITAL .0 .0 .0 .0
OPERATIONAL  254.0 .0 .0 .0

TOTAL 254.0 .0 .0 .0

TOTAL (1MP) .0 .0 .0 .0

CUM. TOTAL 7805.6 7805.6 7805.6 7805.6

TOTALS: FIRST YEAR : 1975 FINAL YEAR : 2006 NO. OF YEARS : 32

TOTAL PRESENT VALUES OF FACILITY COSTS (IN $ 1000'S)

CAPITAL OPERAT IONAL ALL FAC. COSTS
TOTAL .0 7805.6 7805.6
TOTAL (IMP) .0 _.0. .0
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RESULTS CF ECONOMIC SIMULATION BASE YEAR: 1982 PAGE 1

FACILITY: KITOl HATCHERY SPECIES: PINKS

PRESENT VALUES OF COSTS AND BENEFITS BY YEAR (IN $1000'S)

YEAR 1975 1976 1977 1978 1979 1980 1581
CANNERY PROCESS ING
REVENUE .0 .0 .0 .0 0 .0 0
CoST .0 .0 .0 .0 0 .0 0
INC. V. .0 .0 .0 .0 0 .0 0
FRESH/FROZEN PROCESS ING
REVENUE .0 .0 .0 .0 0 .0 0
CosT .0 .0 .0 .0 .0 .0 0
INC. V. .0 0 .0 0 .0 .0 0
* TOTAL PROCESSING
REVENUE .0 0 .0 0 0 .0 0
CoST .0 0 .0 .0 0 .0 0
INC. V. .0 0 .0 0 0 .0 0
CIapP) - .0 .0 .0 0 .0 .0 0
P. COST .0 0 .0 .0 .0 .0 0
(IMP) 0 0 .0 .0 0 .0 0
COMM. FISH.: PURSE SEINE
REVENUE .0 .0 .0 .0 . .0 .0
COST .0 .0 .0 .0 .0 .0 .0
INC. V. .0 0 .0 .0 .0 .0 .0
COMM. FISH.: BEACH SEINE
REVENUE .0 .0 0 .0 .0 0 .0
CcoST .0 .0 0 .0 .0 0 .0
INC. V. .0 .0 0 .0 .0 0 .0
COMM. FISH. TOTAL
REVENUE .0 .0 .0 .0 .0 .0 0
COST .0 .0 .0 .0 .0 .0 0
(IMP) .0 .0 .0 .0 .0 .0 .0
INC. V. .0 .0 .0 .0 .0 .0 .0
(IMP) .0 .0 .0 .0 .0 .0 0
EGG SALES .0 .0 0 .0 .0 .0 0
(IMP) .0 .0 .0 .0 .0 .0 .0
SPORT FISH .0 .0 .0 .0 .0 .0 .0
CIMP) .0 .0 .0 0 0 .0 .0
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RESULTS OF ECONOMIC SIMILATION BASE YEAR. 1982 PAGE 2

FACILITY: KITO! HATCHERY SPECIES: PINKS

PRESENT VALUES OF COSTS AND BENEFITS BY YEAR (IN $1000'S)

YEAR 1682 1683 1984 1985 1986 1987 1988
CANNERY PROCESS ING
REVENUE .0 1880.4 2693.9 2614.2 2538.1 2464.2  2592.4
CosT - .0 1506.8  2158.7 2094.8 2033.8 1974.6 1917 1
INC. V. .0 373.6 535.2 519.4 504.3 489.6 475.5
FRESH/FROZEN PROCESS ING
REVENUE .0 0 .0 .0 .0 .0 .0
COST .0 0 .0 .0 0 .0 .0
INC. V. .0 0 0 .0 .0 0 0
TOTAL PROCESSING
REVENUE .0 1880.4 2693.9 2614.2  2538.1 2464.2  2392.4
COST .0 1506.8 2158.7 2094.8 2033.8 1974.6 1617 .1
INC. V.- 0 373.6 535.2 519.4 504.3 489.6 475.3
{ IMP) 0 .0 .0 .0 0 .0 .0
P. COST .0 577.8 827.7 803.3 779.9 757 .1 735 .1
(1MP) 0 866.7 1241.6 1204.9 1169.8 1135.7 1102.6
COMM, FISH.: PURSE SEINE
REVENUE .0 864.0 1Z237.8 1201.2 1166.2 1132.2 1099.2
CosT .0 128.7 184 .4 178.9 173.7 168.6 163.7
INC. V. .0 735.3 1053.4 1022.3 992.5 963 .6 935.5
COMM. FISH.: BEACH SEINE
REVENUE .0 65.0 93.2 90 .4 87.8 85.2 82,7
COST .0 9.7 13.9 13.5 13.1 12.7 12.3
INC. V. .0 55.3 79.3 76.9 74,7 72.5 70.4
COMM. FISH. TOTAL
REVENUE .0 929.1 1331.0 1291.6 1254.0 1217 .4 1182.0
Cost .0 138.4 198.2 192.4 186.8 181.3 176.0
(IMP) .0 0 0 .0 .0 .0 .0
INC. V. .0 790.7 1132.7 1099.2 1067.2 1036.1 1005.9
(IMP) 0 0 .0 .0 .0 .0 .0
EGG SALES .0 138.4 168.2 192.4 186.8 181.3 176.0
(IMP) 0 207 .6 297.3 288.5 280 .1 272.0 264.1
SPORT FISH .0 .0 .0 .0 .0 .0 .0
(IMP) .0 .0 .0 .0 .0 .0 .0
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RESULTS OF ECOMOMIC SIMULATION BASE YEAR: 1982 PRGE 3

FACILITY: KITOI HATCHERY SPECIES: PINKS

PRESENT VALUES OF COSTS AND BENEFITS BY YEAR (IN $1000'S)

YEAR 1989 1990 1991 1992 1993 1994 1995
CANNERY PROCESSING
REVENUE  2322.7  2255.0 2189.4 2125.6 2063.7 2003.6 1¢45.2
CosT ‘Te61.2 1807.0 1754.4  1703.3 1653.7 1605.5 1558.8
INC. V. 461.5 448.0 435.0 422.3 410.0 398.1 386.5
FRESH/FROZEN PROCESSING :
REVENUE .0 .0 - .0 .0 .0 .0 0
COST * .0 0 .0 0 0 .0 0
INC. V. .0 0 .0 .0 .0 .0 0
TOTAL PROCESSING
REVENUE  2322.7  2255.0 2189.4 2125.6 2063.7 2003.6 1945.2
CosT 1861.2  1807.0 1754.4  1703.3 1653 .7 1605.5 1558.8
INC. V.  461.5 - 448.0 435.0 422 .3 410.0 398.1 386.5
( 1MP) .0 0 .0 .0 .0 .0 .0
P. COST 713.7 692.9 672.7 653 .1 634.1 615.6 567.7
(1MP) 1070.5 1039.3 1009.1 979.7 951 .1 923.4 896.5

COMM, FISH.: PURSE SEINE :
REVENUE  1067.2 1036.1 1006.0 976.7 948.2 920.6 893.8

CosT 158.9 154.3 149.8 145.5 141.2 1371 133 .1
INC. V. 908.3 881.8 856 .1 831.2 807 .0 783.5 760.7
COMM. FISH.: BEACH SEINE o
REVENUE 80.3 78.0 75.7 73.5 71.4 69.3 67.3
CosT 12.0 11.6 11.3 10.9 0.6 10.3 10.0
INC, V. 68.4 66.4 64.4 62.6 60.7 59.0 57.3

COMM, FISH. TOTAL
REVENUE  1147.6 11141 1081.7 1050.2  1019.6 989.9 961.1

COST 170.9 165.9 161.,1 156 .4 151.9 147 .4 143 .1
(1MP) 0 0 .0 .0 .0 .0 0

INC. V.  976.6 948.2 920.6 893.8 867.7 842.5 817.9
(IMP) .0 .0 .0 .0 .0 .0 .0

EGG SALES 170.9 165.9 161.1 156 .4 151.9 147.4 143 .1
(1MP) 256 .4 248.9 24 234.6 277.8 221 .1 214.7
SPORT FISH .0 .0 .0 0 .0 .0 .0
(IMP) .0 .0 .0 0 .0 .0 0
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RESULTS OF ECCNOMIC SIMULATION BASE YEAR: 1982 PAGE 4

FACILITY: KITOl HATCHERY SPECIES: PINKS

PRESENT VALUES OF COSTS AND BEMEFITS BY YEAR (iN $1000'S)
YEAR 1996 1997 1998 1699 2000 2001 2002

CANNERY PROCESSING

REVENUE  1888.6 1833.6 1780.2  1728.3 1678.0 1629.1 1561.6
COST -1513.4  1469.3 1426.5 1384.9 1344.6 1305.4 1267.4
INC. V. 375.2 364.3 353.7 3435 .4 333.4 323.7 314.2
FRESH/FROZEN PROCESS G
.REVENUE .0 .0 .0 .0 .0 .0 0
-COST .0 .0 .0 0 .0 .0 0
INC. V. .0 .0 0 .0 .0 .0 0
TOTAL PROCESSING
REVENUE  1888.6 1833.6 1780.2 1728.3 1678.0 1629.1 1581.6
COST 1513.4 1469.3 1426 .5 1384.9 1344.6 1305.4 1267 .4
INC. V. 375.2 . 364.3 353.7 343 .4 333.4 323.7 314.2
(IMP)” .0 .0 .0 0 0 .0 .0
P. COST 580.3 563.4 547.0 531.0 515.6 500.6 486.0
(1MP) 870.4 845.1 820.5 79 .6 773.4 750.8 729.0

COMM. F1SH.: PURSE SEINE

REVENUE 867.8 842.5 817.9 794 .1 771.0 748.5 726.7
COST 129.2 125.5 121.8 118.3 114.8 111.5 108.2
INC. V. 738.5 717.0 6S6.1 675.8 656.2 637.0 618.5

COMM. FISH.: BEACH SEINE

REVENUE 65.3 63.4 61.6 59.8 58.0 56 .3 54.7
CosT 9.7 9.4 9.2 8.9 8.6 8.4 8.1
INC. V. 55.6 54.0 52.4 50.9 4G.4 47.9 46 .6

CoMM. FISH. TOTAL
REVENUE 933.1 905.9 879.5 853.9 829.0 804.9 781.4

CoST 13¢9.0 134.9 131.0 127.2 123.5 119.9 116.4
(1MP) .0 .0 .0 .0 .0 .0 0

INC. Vv, 794.1 771.0 748.5 726.7 705.5 685.0 665.0
(IMP) - .0 .0 .0 .0 0 0 0

EGG SALES 139.0 134.9 i31.0 127.2 123.5 119.9 116.4
(IMP) 208.5 202.4 166.5 180.8 185.2 179.8 174.6
SPORT FISH .0 .0 .0 .0 .0 0 0
(IMP) .0 .0 0 .0 .0 .0 .0
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RESULTS OF ECONOMIC SIMULATION BASE YEAR: 1982 PAGE 5

FACILITY: KITOl HATCHERY SPECIES: PINKS

PRESENT VALUES OF COSTS AND BENEFITS BY YEAR (IN $1000'S)

YEAR 2003 2004 2005 2006
CANNERY PROCESSING
REVENUE  1535.6 1648.0 .0 0
COST -1230.5 1320.6 0 .0
INC. V. 305.1 327.4 .0 .0
FRESH/FROZEN PROCESSING
REVENUE .0 .0 .0 .0
CosT .0 .0 .0 .0 i
INC. V. .0 .0 0 .0
TOTAL PROCESSING
REVENUE  1535.6 1648.0 .0 .0
CosT 1230.5 1320.6 0 .0
INC, V. 305.1 327.4 .0 .0
(IMP) " .0 .0 .0 .0
P. COST 471.8 506 .4 .0 .0
(1MP) 707.7 759.5 .0 .0
COMM, FISH.: PURSE SEINE
REVENUE 705.6 757.2 .0 .0
CosST 105.1 112.8 .0 .0
INC. V. 600.5 644.4 .0 .0
COMM. FISH.: BEACH SEINE
REVENUE 53 .1 57.0 .0 .0
CoSsT 7.9 8.5 .0 .0
INC. V. 45.2 48.5 .0 .0
COMM. FISH, TOTAL
REVENUE 758.7 814.2 .0 .0
CoSsT 113.0 121.3 0 .0
(1MP) .0 .0 .0 .0
INC. V. 645.7 692.9 .0 .0
CIMP) . .0 .0 0 .0
EGG SALES 113.0 121.3 .0 .0
(1MP) 169.5 181.9: .0 .0
SPORT FISH .0 0 .0 .0
(1MP) .0 .0 .0 .0
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RESULTS OF ECONOMIC SIMULATION

FACILITY: KITO! HATCHERY

BASE YEAR:

1982 PAGE 6

SPECIES: PINKS

-SUMMARY OF PRESENT VALUES OF COSTS AND BENEFITS (IN $1000'S)

TOTAL TOTAL TOTAL
REVENUE COSTS INC. VALUE
COMMERCIAL FISHERY :
PURSE SE INE 20560.5 3065.2 17515.3
BEACH SEINE 1549.1 230.7 1318.4
OVERALL 22129.6 3295.9 18833.7
(1MP) .0 .0
PROCESSING
CANNERY 44791.3 35892.3 8898.9
FRESH/FROZEN .0 .0 .0
OVERALL 44791.3 35692.3 8896.9
(1MP) .0
PRODUCT ION 13762.7
CINP) .0
EGG SALES : 3295.9
C1MP) 4943.8
SPORT FISHERY : .0
C1MP) .0
NUMBER OF FISH HARVESTED
1975 1976 1977 1978 1979 1980 1981
COHM, 0. 0. 0. 0. 0. 0. 0.
SPORT 0. 0. 0. 0. 0. 0. 0.
TOTAL 0. 0. 0. 0. 0 0. 0.
1982 1983 1984 1985 1986 1987 1988
COMM. 0.  736%3. 1087350. 1086841. 1086841. 1086841.  1086841.
SPORT 0. 0. 0. 0. 0. 0. 0.
TOTAL 0.  736%3. 1087350. 1086841. 1086841. 1086841.  1086841.
1989 1990 1991 1992 1993 1994 1995
COMM.  1086841. 1086841. 1086841. 1086841. 1086841. 1086841.  1086841.
SPORT 0. 0. 0. 0. 0. 0. 0.
TOTAL 1086841,  1086841. 1086841. 1086841. 1086841. 1086841,  1086841.
1996 1997 1998 1999 2000 2001 2002
COMM. 1086841, 1086841. 1086841, 1086841. 1086841. 1086841.  1086841.
SPORT 0. 0. 0. 0. 0. 0. 0.
TOTAL 1086841, 1086841, 1086841. 1086841. 1086841. 1086841. 1086841,
2003 2004 2005 2006
COMM,  1086841.  1201382. 0. 0.
SPORT 0. 0. 0. 0.
TOTAL 1086841, . 1201382. 0. 0.
TOTAL COMM, 23675620. 0. GRAND TOTAL :  23675620.

TOTAL SPORT :
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RESULTS OF ECONOMIC SIMULATION

FACILITY: KITOl HATCHERY

BASE YEAR: 1982

ALL SPECIES OVERALL ECONOMIC PROJECTICONS

YEAR 1675 1976 1977

INCREMENTAL VALUE - PUBLIC COST ($1000'S)

MD. 1 ANN. .0 .0 .0
M. 1 CUM. . .0 .0 .0
MD. 2 ANN. .0 .0 .0
MD. 2 CUM. .0 .0 .0
ND. 3 ANN. .0 .0 .0
MD. 3 CUM. .0 .0 .0
MD. 4 ANN. .0 .0 .0
MD. 4 CUM. .0 .0 .0

INCREMENTAL "VALUE / PUBLIC COST RATIO

MD. 1 CUM. -59.90 -99.90 -558.90
MD. 2 CUM. -99.90 -99.90 -99.90
MD. 3 CUM. -99.90 -99.90 -99.90
MD. 4 CUM. -99.90 -99.90 -99.90

IMPACT INCOME ($1000'S)

D. 2 ANN. .0 .0 .0
MD. 2 CUM. .0 .0 .0
MD. 3 ANN. .0 .0 .0
M. 3 CUM. .0 .0 .0
MD. 4 ANN. .0 .0 .0
¥D. 4 CUM. .0 .0 .0

IMPACT INCOME / PUBLIC COST RATIO

MD. 2 CUM, =99.90 =99.90 -99.90
MD. 3 CUM. -99.90 -99.90 -99.90
MD. 4 CUM. -99.90 =-99.90 ~99.90
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1978

-99.90
-99.90
-99.90
-99.90

-99.90
-99.90
~99.90

1979

-99.90
-99.90
-99.90
-99.90

.O
.0

-98.90
-99.90
-~99.90

PAGE

1980

-99.90
-99.90
-89.90
-956.90

O

0
.0

.0
.0

-99.90
-99.90
~99.90

1

1981

-99.90
-99.90
-99.90
-99.90

-99.90
-99.90
=-99.90



RESULTS OF ECONOMIC SIMULATION

FACILITY: KITO! HATCHERY

YEAR

BASE YEAR:

1982

ALL SPECIES OVERALL ECONOMIC PROJECT IONS

1982

1983

1684

INCREMENTAL VALUE - PUBLIC COST ($1000'S)

MD. 1 ANN.
MD. 1 CUM.

MD.
MD.

ANN.
CUM.

NN

MD.
MD.

ANN,
CUM.

N N

MD.
MD.

ANN,
CUM.

£

INCREMENTAL VALUE / PUBLIC

MD. 1 CUM.
MD. 2 CUM.
MD. 3 CUM.
MD. 4 CUM.

IMPACT INCOME ($1000'S)

MD, 2 ANN.
MD. 2 CUM.

MD. 3 ANN.
MD. 3 CUM.

MD. 4 ANN.
MD. 4 CUM.

IMPACT INCOME / PUBLIC COST RATIO

MD, 2 CUM.
MD. 3 CUM.
MD. 4 CUM.

-522.0

~=522.0

-522.0
-522.0

-522.0
~-522.0

-522.0
-522.0

0.00
0.00
0.60

470.3
-51.7

331.9
-190.

—

705.
185.

U Ut

843.9
321.9

COST RATIO

.95
.81
1.19
1.33

0
.0

866.7
866.7

1074.2
1074.,2

0.00
.88
1.10

885 .6
833.9

687.4
497.3

1222.6
1406.1

1420.8
1742.7

.0
OO

1241.6
2108.3

1539.0
2613.2

0.00
1.48
1.83

1985

859.2
1693 .1

666.8
1164.1

1186.2
2592.3

1378.6
3121.3

1.91
1.63
2,39
2,68

.O
.O

1204.9
3313.2

1493.4
4106.6

0.00

2.21

- 66 -

1986

834.2
2527.2

647.4
1811.5

1151.6
3744.0

1338.4
4459.7

2.1
1.80
2.64
2.96

.0
.0

1169.8
4483.0

1449.9
5556 .6

PAGE 2
1987 1988
809.9 786.3
3337.1 4123 .4
628.5 610.2
2440.0 3050.3
11181 1085.5
4862.1 5947.6
1299.4 1261.6
5759.1 7020.7
2.24 2.34
1.91 1.99
2.81 2.93
3.14 3.28
0 .0
.0 .0
1135.7 1102.6
5618.7 6721.3
1407 .7 1366.7
6964.3 8331.0
0.00 .00
2.09 2.18
2.59 2,70



RESULTS OF ECONOMIC 3IMULATION

FACILITY: KITO! HATCHERY

YEAR

BASE YEAR: 1982

ALL SPECIES OVERALL ECONOMIC PROJECTIONS

1989

1990

1991

INCREMENTAL VALUE - PUBLIC COST ($1000'S)

MD. 1
MD. 1

MD.
MD.

NN

D.
MD.

W

MD.
MD.

FSOF'NS

ANN.
CUM.

ANN,
CUM.

ANN,
CUM.

ANN,
CUM.

763.4
+4886.7

592.5
3642.7

1053.9
7001.5

1224.8
8245.5

741.1
5627.9

575.2
4217.9

1023.2
8024.7

1189.2
9434.7

719,
6347.4

U

558.4
4776.4

993.4
018.2

1154.5
10589.2

INCREMEMTAL VALUE / PUBLIC COST RATIO

MD. 1
MD. 2
MD. 3
MD. 4

IMPACT INCOME ($1000°'S)

MD. 2
MD, 2

MD.
MD. 3

W

MD. 4
MD. 4

IMPACT INCOME / PUBLIC COST RATIO

Mo, 2
MD. 3
MD,. 4

CUM.
CUM.
CUM,
CUM,

ANN.
CUM,

ANN.
CUM.

ANN,
CUM,

CUM,
CUM,
CuM,

2.41
2.05

3.38

.O
.O

1070.5
7791.9

1326 .9
9657 .8

2.47
2.10
3.09
3.46

.O
0

1039.3
8831.2

1288.2
10946 .1

2.51
2.14
3.15
3.52

.0
.0

1009.1
9840.3

1250.7
12196.8

= 67 -

1962

698.6
7046 .0

542.2
5318.6

964.5
9982.6

1120.9
1171041

2.55
2.17
3.19
3.57

00
.0

979.7
10819.9

1214.3
13411.1

1693

678.2
7724.2

526.4
5845.0

936.4
10919.0

1088.2
12798.3

.O
.0

951 .1
1"7714

1178.9
14590.0

2.41
2.98

PAGE 3
1994 1995
658.5 639.3
8382.7 9022.0
511.1 49.2
6356 .0 6852.2
909.1 882.6
11828.2 12710.8
1056 .6 1025.8
13854.9 14880 .7
2.60 2.63
2.22 2.24
3.26 3.29
3.65 3.68
.0 .0
.0 0
923 .4 896.5
12694.5 13591.1
1144.6 1111.3
15734.6 16845.9
0.00 0.00
2.43 2.45
3.01 3.04



RESULTS OF ECONOMIC SIMULATION

FACILITY: KITOIl HATCHERY

BASE YEAR: 1982

ALL SPECIES OVERALL ECONOMIC PROJECTIONS

YEAR 1996 1997

1998

INCREMENTAL VALUE - PUBLIC COST ($1000'S)

MD. 1 ANN. 620.7 602.6
MD, 1 CuM, - 9642.7 10245.3
MD. 2 ANN, 481.7 467.7
MD. 2 CUM. 7333.9 7801.6
MD. 3 ANN. 856.9 832.0
MD. 3 CUM. 13567.7 14399.7
MD. 4 ANN, 995.9 966.9
MD. 4 CUM., 15876.6 16843 .5

585.1
10830.4

454 .1
8255.7

807 .7
15207 .5

938.7
17782.2

INCREMENTAL VALUE / PUBLIC COST RATIO

MD. 1 CUM, 2.65 2.66
MD. 2 CUM. 2.25 2.27
MD. 3 CUM. 3.32 3.34
MD. 4 CUM. 3.71 3.73

IMPACT INCOME ($1000'S)

MD. 2 ANN, .0 .0
MD. 2 CUM. : .0 .0
MD. 3 ANN. 870.4 845.1
MD. 3 CUM. 14461.5 15306 .6
MO. 4 ANN. 1078.9 1047.5

MD. 4 CUM. 17924.8 18972.2

IMPACT INCOME / PUBLIC COST RATIO

MD. 2 CUM. 0.00 0.00
MD. 3 CuM. 2.47 2.48
MD. 4 CUM, 3.06 "3.08

.0
.0

820.5
16127 .1

1017.0
19989.2
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1999

568.0
11398.4

440.8
8696.5

784.2
15991.7

911.4
18693 .6

.0
.0

796.6
16923 .6

987.3
20976.5

WwWN O
o o »

2000

551.5
11949.9

428.0
9124.5

761.4
16753 .1

884.8
19578.4

.0
.0

773.4
17697.0

958.6
21935.1

PAGE 4

2001 2002
535.4 516.8
12485.3 13005.1
415.5 403 .4
9540.1 8943 .5
739.2 717.7
17492 .2 18209.9
859.1 834.1
20437.5 21271.6
2.1 2.72
2.31 2.32
3.40 3.41
3.80 3.82
.0 .0
.0 0
750.8 729.0
18447.8 19176.8
930.7 903.5
22865.7 25769.3
0.00 0.00
2.53 2,54
3.14 3.15



RESULTS OF ECONOMIC SIMULATION BASE YEAR: 1982 PAGE 5
FACILITY: KITO! HATCHERY
ALL SPECIES OVERALL ECONOM{C PROJECTIONS

YEAR 2003 2004 2005 2006

INCREMENTAL VALUE - PUBLIC COST ($1000'S)

MD. 1 ANN. 504.7 814.2 .0 .0
MD. 1 CUM, 13509.8 14324.0 14324.0 14324.0
MD. 2 ANN, 391.7 692.9 .0 0
MD. 2 CUM. 10335.2 11028.1 11028.1 11028.1
MD. 3 ANN, 696.8 1020.3 .0 Mo
¥MD. 3 CUM, 18906 .7 19927 .0 19927.0 19927.0

I

MD. ANN. 809.8 1141.6 0 .0
MD. 4 CUM, 22081.3 23222.9 23222.9 23222.9

INCREMENTAL VALUE / PUBLIC COST RATIO

MD. 1 CUM, 2.73 2.84 2.84 2.84

MD, 2 CUM, 2.32 2.41 2.41 2.41

FD. 3 CUM, 3.42 3.55 3.55 3.55

MD. 4 CUM, 3.83 3.98 3.98 3.98

IMPACT INCOME ($1000'S)

MD. 2 ANN. .0 .0 .0 .0
MD. 2 CUM. .0 .0 .0 .0
MD. 3 ANN. 707 .7 759.5 0 0

ND. 3 CUM. 19684 .6 20644 .1 20644.1 20644 .1

MD. 4 ANN, 877.2 941 .4 0 .0
MD. 4 CUM, 24646 .5 25587.9 25587.9 25587.9

IMPACT INCOME / PUBLIC COST RATIO

MD. 2 CUM, 0.00 0.00 0.00 0.00
MD. 3 CUM. 2.55 2.64 2.64 2.64

MD. 4 CUM. 3.16 -3.28 3.28 3.28
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RESUI'TS OF ECONOMIC SIMULATION BASE YEAR: 1982 PAGE 6
FACILITY: KITOl HATCHERY SPECIES: PINKS
ALL SPECIES OVERALL ECONOMIC PROJECT IOMS
SUMMARY OF RESULTS
FIRST YEAR OF FACILITY CPERATION = 1975 ECONOMIC BASE YEAR - 1982
FINAL YEAR OF ECONOMIC PROJECT IOM- 2006 INTEREST RATE -~  3.00%
FINAL FINAL
INC, VALUE IMPACT INCOME PUBLIC INC. VAL. IMPACT
- PUBLIC CGOST COSTS PUB. COST  PUB. COST
($1OQO'S)‘ PAYBACK ($1000'S) PAYBACK ($1000'S) RAT 10 RATIO
MODEL 1 : 14324.0 1984 - 7805.6 2.84
MODEL 2 : 11028.1 1984 .0 0 7805.6 2.41 0.00
MODEL 3 ¢ - 19927.0 1983 20644 .1 1983 7805.6 3.55 2.64
MODEL 4 : 23222.9 1983 25587.9 1983 7805.6 3.98 3.28
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY FOR THE
ENHANCEMENT BENEFIT-COST MODEL

Jeff Hartman and Kit Rawson
9-1-83

In September 1981 the Division of Fisheries Rehabilitation, Enhancement,
and Development (FRED) initiated the development of models for
predicting the benefits and costs of the Division's investments in
fisheries enhancement. This work rose out of a need for a formal method
to measure the economic value of some components of the FRED program.
Previous economic analyses of fisheries enhancement projects in Alaska
have employed a variety of approaches. Their results have often been
difficult to compare between projects or with other public investments.
The methods presented in this document provide one type of economic
yardstick by which the value of fisheries enhancement programs can be
measured.

Most public investment planning, including fisheries development
investment includes treatment of both efficiency and equity issues.
Efficiency "issues in this manuscript are defined as those which are
quantifiable in dollars through an accounting of national income. In
social terms it is "maximum production from some given level of inputs or
cost minimization for a given level of output", Randall (1981)". Equity
issues, on the other hand, concern themselves primarily with distribution
of impacts between group. While many policy questions involve issues of
fairness, the science of economics has no quantitative methods for
evaluating normative judgements. It does however employ a number of
methods, theories and models to measure the changes in efficiency and the
impacts of specific resource investments and policies using positive
analysis methods.

One widely used analytical tool which yields useful information on public
investment alternatives based on a modified measure of efficiency is
benefit-cost analysis. By modified, we mean that B/C analysis (unlike a
true Pareto-efficient action) usually does not formally account for the
mechanisms or costs of returning losses in a transaction to there former
level of welfare prior to the transaction. Also, an accounting of all
social benefits and costs in the analysis framework 1is usually
impossible. In fishery resource applications benefit-costs analysis has
arisen out of a goal to expend public funds to further a nation's or
state's social and economic objectives in an effective manner with an
efficient allocation of resources among competing groups. The analysis
method differs from traditional forms of government budgeting in that it
concentrates on the results or consequences of government activity
rather than simply on the monetary resources required. Benefit-cost
analysis is the emphasis of FRED Division's current and developing
economic methods. In 1981 to 1982 an in-house computer simulation model

1 This definition of efficiency is often referred to as Pareto-efficiency

or Pareto-optimality.
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EXECUTIVE SUMMARY

designed to evaluate public salmon and trout enhancement alternatives.

The methodology of this form of incremental analysis is similar to that

of many of the more familiar applications of benefit-cost analysis, such as
the Susitna Hydro Feasibility Study, Yould (1982).

Applications of Enhancement Benefit-Cost Analysis

Though it is impossible to anticipate all potential uses of enhancement and
rehabilitation economic model, since it is in the relatively early stages
of development, the principal capabilities of the present model are as
follows:

1)  The economic model can be used for identifying the worth of an
existing program and the value of a proposed investment such as a
capital or operational budget request.

2)  The model can be used to produce internal comparisons of
alternatives to aid in optimizing the design and operation of
physical plants and in identifying the most efficient capacity,
size, facility locations, incubation and rearing schemes.

3) The routine, with input from other economic studies may be
useful in identifying the distribution of user benefits to
specific sectors of the industry as well as impacts on wages and
employment from direct and induced sources (see text for
gualifiers).

General Structure of Models

Currently. the enhancement economic feasibility model is built out of two
separate systems of computer programs which involve input of between 200 to
300 variables for a given simulation. The hatchery broodstock development
(HBD) system projects future salmon production from a facility based on its
current level of production, plans for expansion, life-stage survival
assumptions, and fishery exploitation expectations.

The facility benefit cost (FBC) system is the economic simulation program
which uses harvest predictions from a given (HBD) simulation and combines
these with Qconomic assumptions to generate predictions for benefit and
cost stream™ resulting from salmon and/or trout enhancement.

The (FBC) routine has also evolved into two separate components. The
first, is a price index model which adjusts past nominal costs and benefits
to base year dollars for ex-post analysis. The second, an ex-ante or
future oriented program, estimates present values for a number of benefit
and cost stream alternatives for commercially and recreationally harvested
salmon or trout which are directly attributable to a given enhancement
project.

2 . .
In this case a "stream" refers to a series of dollar amounts such as an

income or cost stream extending into the past or future for a specific number
of years.
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The general structure for the present value of the enhanced salmon
production takes the following form for both recreationally and
commercially harvested fish.

Economic Equations

B . Incremental benefits (revenue) from the
P private sector attributable to the enhancement
produced fish.

= Incremental costs from the private sector attributable to

pri the enhancement produced fish (e.g. cost of harvesting
and/or processing etc.).

C ub = Incremental public costs from producing and managing

P enhancement produced fish e.g. operational cost, capital
cost and planning costs of hatchery; administration and
evaluation.

B/C = Benefit cost as expressed by a ratio

NB = Net benefits as expressed as a difference

Bpri - Cpri - Cpub = NB

Salmon Fishery Benefits and Associated Costs

Evaluation of the efficiency of an investment for a specific project
requires the analyst to estimate the gross benefits and gross costs of
increasing the available salmon resource. In the (FBC) model the benefits
to the private sector can be estimated as either the incremental value to
the commercial fishery or as the incremental value to both the processing
industry and the commercial fishery. 1In the first case the gross benefit
to the commercial fishery from the incremental fish production is measured
as the ex-vessel value of the product. The gross cost is measured as the
resources foregone from the fleet to catch the incremental production. 1In
the second case the gross benefit to the processing industry is the market
value of the increased catch or first wholesale value. The processing
costs are taken to be the value of the foregone resources required to both
process and harvest the enhancement produced catch.

Sport Fish Valuation

Many of the projects and facilities in FRED Division are scheduled to or
currently produce salmon and trout highly valued by sport fishermen. In
fact, some facilities are targeted almost entirely at sport fishermen.

Just what these recreation benefits are and will be is a subject discussed
in the Documentation for the Enhancement Benefit Cost Model Hartman and
Rawson 1983. The analysis method presented in the text is intended to only
serve the purpose of the enhancement program evaluation.
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Although recreational evaluation procedures can encompass benefits of a
program other than those directly received by Alaskan fishermen (such as
existence valuation and option valuation techniques), the primary purpose
of our evaluation process is to identify the change in consumer surplus
from the actual recreational fishing experience. The consumer surplus is a
measure of the satisfaction people enjoy from their consumption of a
commodity and is based upon what they would be willing to pay for it. In
the case of our enhancement investments, it is what they would be willing
to pay for the opportunity to fish for the incremental increase in the
available stock.

Alaskan Impact Analysis

If a decision-maker were only interested in a single objective, namely the
maximization of fishing income, then the economic evaluation would not need
to grow beyond benefit cost analysis. However, if the decision-maker is
also interested in formally dealing with distributional effects, then it is
necessary to expand the scope of the work to impact assessment, which must
be dealt with separately from efficiency considerations. The purpose of
impact analysis is to measure changes and the magnitude of changes in local
or regional employment, labor force participation, real income distribution
and business and industrial activity by the series of sectors. Though
measurements of impacts from a project can take place even at the national
Tevel, we will extend any analysis only to assessments relevant to Alaska.
Though not the primary function of the model, the facility benefit cost
(FBC) routine can account for these interactions within the Alaskan economy
indirectly by incorporating values from external impact models capable of
generating multipliers relevant to the salmon fishing and processing
industry.

One type of impact assessment is input-output analysis. In general, the
approach is based on a detailed accounting of goods and services at a given
point in time. A series of industry coefficients are the constants and are
arranged in the form of a matrix (Randall, 1981). They may be capable of
predicting changes in employment and income from a change in economic
activity from a primary sector. In our case the primary activity would
come from the fish processing sector and to a lesser extent the fish
harvesting sector.

One operating econometric model used by the Division of Budget for the
Department of Revenue was used to produce a data set for the salmon
industry based on a hypothetical increase in the salmon harvest of 10
percent over the naturally produced base level. This incremental increase
resulted in an income multiplier for the seafood industry of approximately
1.84. The estimate indicates that for each one dollar of processing income
produced an additional increment of 84 cents is produced in the form of
induced wages to Alaskans.
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What Constitutes an Efficient Return on Investments for an Enhancement
Project?

Because resources are limited, the undertaking of any public investment, be
it transportation, hydro-electric power generation, permanent fund, or a
salmon enhancement facility will divert resources from an alternative use.
The benefit cost concept essentially compares the gross benefits of the
proposed project or resource allocation with all of the gross benefits
forgone by its existence. Clearly, if the value of the benefits of the
proposed project exceed the value of the benefits Tost by the project's
existence, then the project is in society's best interest, based on a
measure of efficiency.

As a result, a single or series of benefit cost ratios or estimates of
return on investment (NPV) for Alaskan public hatcheries may not provide as
much familiar information to the decision-maker as a broader formalized
comparison of the rate of return from public hatcheries versus rate of
return from some selected Alaskan investment alternatives. While State
policy to date does not require a formal benefit cost analysis for all
public expenditures, possibly since the value of some public goods are
technically difficult to express in benefit-cost analysis, comparison with
anticipated returns for a few notable public investments will help shed
Tight on the efficiency of a typical enhancement investment. Possible
candidates for comparison would be the present permanent fund investments
or proposed investments such as Targe public hydroelectric projects in
Alaska.

Preliminary estimates from enhancement economic analysis suggest a typical
hatchery investment benefit cost ratio would fall between a range of 2:1
and 3:1 with a typical return on investment (B-C) of approximately 20
million dollars over the anticipated economic life. While an explicit
comparison of site specific cases with and without the proposed investment
would be required to identify the alternative investment opportunities
forgone from other public projects, it can be demonstrated that most
existing enhancement projects compare favorably with some existing and
proposed public projects.
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